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CHAPTER XLVin 


AHffiSTHETIZING THE WOUNDED 

I T should be the nlm of 8urg\cftl units working under war conditions 
to bruig to the treatment of casualties all that was best m pie war 
procedure This applies not oolv to surgical technique but also to the 
important aneiUan semco of awesthetic administration 
Has tho stress of war conditions been sucli as to negative the use of 
modem amcsthetic methods ? Langton Hewer answenng this question 
stated that the anoartlietio service was of tho highest peace time order when 
the wounded from tho Dunkirk evacuation were being treated and later 
diinng the penod of mtonsiie air mids the semco in the FAI S hospitals 
was never so overstrained as to lower the existing standard m resjxfct of 
personnel equipment or technique 

In tho rone of actual military operations tho rapid movement of the 
modem battle must mean less equipment and simpler methods hut even 
there the anfcsthetist mav still emplo\ endotracheal nniEsthesia in a simphfied 
form or use up to-date intravenous agents or spmal block analgesia in order 
to facilitate the surgeon s work and secure an approviination to home 
standards 

Are there anv siiecial anresthetic problems associated with casualty 
work 1 This question max bo considered (n) m relation to working conditions 
and equipment and (6) m relation to the wounded and their injuriea 

(a) Protilems related to working eonditionj and equipment — The change 
from the air conditioned or at least well ventilated operating theatres of 
pence time to the stufli hlacked-out gns proofed emergenci theatres of 
war time is one to which most surgeons ansoethetists and their associated 
personnel have now become acchmatited Tho difTicuIties of ventilation and 
temperature regulation and the high humiditi however do make the work 
much more irksome 

Accumulation of amestbetio vapours ntiate tho atmosphere still more 
and in addition ether divinyl other and ethyl chloride are inflammable and 
in certain proportions with exj-gen are potential exploarves Ethylene and 
oclopropane are m the same categorx The use of extractor fans the 
earthing of all apparatus anseathctic and electrical and the administration 
of the anfcsthetio agents by moans of closed circuit apparatus will do much 
to elmmmto fire and evploaion risks 

Bovie 8 apparatus (Fig 370} is an efficient gaa oxigen and ether machme 
to which a rOj absorber umt (B) has been attached and It providee the 
closed circuit typo of anrestheeia referred to above Closed circuit anaesthesia 
lias among acveral advantage* that of economx an important feature m 
war time when Bupphes max at anx time be snddenlv curtailed 
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divinvl cthoi is useful luit is 
' ' ’ cnstK biTtkcu unless handled 

Stnudnnl puttiru l?o\li.'s inaitimo \Mth ( \) lineal owpui ,4)1 t'lire 

rotamotor and (U) Cl), ab'-ortn r i irvUit (CharU"; Kmc) 7 j 1 

Both nint-- of plug 717 1 ^]v n77<l 7i7tt‘n l7ai7c<'nbU' with ruee lUasks lUlUUo; aud 

onhnarv Mag 7 ll i 7 ii 7 t auua\s luust he eleaued 


h'’aee masks luhmg and 
auua\s must he eleaued 


Ihoioughh hetBcou eases 
and ma> he kejit m 1 S OOl) huuodide hefoie dnmg aud using again 
Resci\c sloeks of dings should he kept in multiple small depots latlici than 
111 one stoieioom If jwssihle the small stoimooms should he undeigniund 
daik, eool and in siieli a ]iositiou as to present no daiigei of file 

^Yhllst on the home fiont the piohlems I'elated to woikuig eoiiditioiis 
aie mainly those of diflieult ventilation and its sequela', the ana\stlietist 
seivmg ill the battle 7 one has to eiieumvent the additional pivihleni of meagre 
equipment He must eaiiv on Axitliout gas and oxvgeii evlmdei-s and all 
the modem lefinement of teelimque assoeiated until elosed eiieuit appaiatus 
Nevei tlieless tlieie is still an adequate ehoiee of methods left foi him 
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Spinal block nnnlgwifl mtravenom niin-stheflia vith pentotlml ^uni or 
some of the ovipan imbstitutw aro available m a<ldition to inlialational 
aruOTtheata by means of the ordman gnuio-covered mask 'No matter hovr 
linutcd the equipment hoa'ever the nmcstheturt should make sure that it 
ineludcs a number of tlagiU endotmcbeal tubes of assorted sixes with the 
appropriate metal connections Thiw equipped ho can irben nece*san 
{t^ for operations on the head and neck) jirovide endotracheal amesthesia 
for— one liopea— an approciatiw surgeon 

Two simple improvisations for ailmmistcnng nir-cther bv the endo- 



Fio 

Two toetbod* of Imprott«{nj( Intrwliwtbfw] wir>«thrT ui»^tbr<k •ppuwtn 

tracheal route are lUufftrated m Fig 37e In the fnnnel t\'pe of \aiK>nier 
a good thickness of ganxe (siiteon to twenU la\ersi) la ftied over the wide 
end bj a rubber band Care must bo taken to keep the fimnel as nenrii 
horuontal as possible and on no accoimt must hqiud ame»rthetic bo allowed 
to enter the tube Tlie second method la ie*s easili regulated but is safe and 
ftomi-automatvc An\ email tin or jar can bo adapted for the purpose The 
rubber tubmg connecting the endotracheal tube to the funnel or canister 
must be kept as short as passible because jt is all dead space and CO, 
accumulates in it Proper oxygenation la difficult to raaintam if the tube w 
very long 

Oxford Taporuer \o 1 — ^Tb© new ether vapomers nhich have been 
evolved b\ Jlacmtosh and his co Workers at Oxford and which are to be 
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(Z>) Problem* related to the wounded and their injnrlea — tor tho 
OTpenonced nmesthctiat accufitomcd to dealing with nil t^pee of surgical 
emergcncioa wlucli enter tlio largo lioepitale in normal times tliero are really 
no new problems but for tho nmesthotio eomco as a whole tho largo 
numbers of wnous cnsunltioe that hare to bo dealt ■Rith at one time mar 
constitute a major problem Under war conditions the ]>roi>ortion of ontioal 
cases to the nnml»er of anrcathotists coin|)otont to deal Anth thorn is ven 
much luglior than m ortlhmrj times It is essential therefore that antes 
thctists less experienced in tho anirsthcsia of urgent surgor) should make 
thenisolvrs proficient in the speeinl techniques wlnoh roduco to a mmmium 
tho detrimental features associated with anicbthcsia and promote certain 
fflctors that are rclathch boneflcinl 

Tho followmg general considerations of tlie main factors influencing or 
modif^nng anrcsthetic procciluro ma^ help the less oijienoncod anaesthetist 
to a better understanding of ulint is nivolveil in the administration of 
aiucstheticM to tho seriously injureil 

^\^lcn cesualtica occur ui large numbers at one time there is considerable 
dda\ iKjforo main of the nctims can bo transported to hospital Such 
dclaA ontads an incrcascxl jxinod of exposure to cold and possibh wot and 
a longer exposure to plmucal pam and mental stress all of whicli contnbato 
verj considenvbh to tho state of shook nlrwidj initiated bj the physical 
mjuries Tho surgeon is well awaro of tho much incrcaaod nsk which attends 
oporatirc inten cation on shocked jmtionta and unleaj tho urgencA is extreme 
antl-ahook measures arc instituted by him at tho eorhest possible moment 
and operation delated until the patients condition has improved to the 
optimum extent Aihich lus injunes wiU allow Tho smasthetist should if 
possible see the patient at tliis tune and in collaboration wTth tho surgeon 
decide on what sedative mftA be necossary In doing so ho must reoUre 
that m cases of profound shock depressant drugs sn> dofimtolj harmful and 
prejudicial to tho patient s ultimate recovery ilorphia in a dose not 
exceeding ^ gr ma> be given to relieve pam wbon present or intramuBcular 
luminal (1 to 2 gr ) is useful to allnv foar and reetleesness and induce sleep 
when psychical factors prodommato 

hde anti shock meosuroe will improve the iiationt b condition tlio 
ana?s±hetist must remember that anx nocessaiy operative procedure atiU 
tend temporarilA to nullify the improvement and he must conaider his 
choice of anieethetio Anth duo r^ard to this probabihtA In short he 
must chooee an ausatliotio which as far as possible mil not contribute 
further to the shocked state because of its toxidtj or mode of action The 
anieethetist s port during operation is to help to proAont additional shock 
What are the factors which contnbute to this additional shook ? They are 
eenson stimuli from the operation field hromorrhag© loss of bodj boat 
and fluids through tho skin and by exhalation and deficient oxjgenation 
due to sluggish pulmonary circulation when the patient is m the recumbent 
position Bombardment of the tlialarons and cerebral cortex bj sensory 
stimuli can only be posiUvoly prevented by remonal nervo block or local 
infiltration and where the nature and extent of the operation wdl permit 
^ must be reoogmxed os a metliod of the highest value and importance 
Where the injuries to be treated are wideepread and extensive the method 
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inav not l)(‘ ])i M( I iciihlc* bccniisc < hcic iu(* limits to the iiinoimf of tlic 
aniilgesK agent, winch ina\ lie used 'I’lic ainonnt of I pci (cnt piocaino 
or novocain should not c\ccc(l ITiO c( , Init sncli a fpiantit_\ is adcrpiatc loi 
most. o])(“iat.ions, especially if icgiona! nci vc block latlici than massive local 
inlilt.iat.ion ih cini)lo\(‘d \\licne\ci possible* 

d'lie object ion t.liat, t he met liod is a limc-( onsiinmigoiic cannot be siistaincd 

'I'hc Hcojie of Kpinal block analgcsm may HinlabK be discussed at tins 
jnnctme Like* leie-al analg(*sia, apinal bloe-k pre)te*ets the jiaticnt ag/iiiiHt 
slioclf-piodiie mg st.iimili but. it also ]»ieielnc(*s sMiipatlietic |)aial_\His m the 
segments involvcel aiiel t Ins e-anscs a ie*eliie tiem in the \e)Imn(* eif the* eMicnlating 
blood In a se'veielv slieickcel i)alie*nl wlieisc blooel jiiessme* is alieaeh leiw, 
file fmt.lie*! fall may lead tei a ecie-bial nmcima of mu-Ii elegies* as tei depicss 
the vital e(*nti('s lK* 3 e)neI t.be* limits e emipat ible* with life 'riii*ie*fe)ie*, in llie 
jiieseiue eif sboek anel e*spe(ialK if the* patie'iit is siifTe*iing fiemi jicnctiatmg 
A\ omuls of the* abelom(*n spinal bloe*k analgesia must not be* nseel 

111 l.iamnatie singer v spinal bleie-k nnalge*sia sliemlel be Imiitcel fer eipeiaf i\e 
pieieedmes em 1 be lerwei limbs 

Combined local analgesia and general anrcsthesia -'I’lie \alne eif leeal 
analgesia fiom the staneljioint of pieifee*tion against slioe k-pioelne mg stimuli 
lias been sticsseel but the smge*on anel an.cst he*! ist will ie*eogm/(* tliat flic 
aelvant ages ma v be millifu*el b_N t be* potent ps\ e liic fae ten \\ liii'liuill be pics(*nt 
if the patient, is teio conscienis etf what is going e>n 'I'lie abolition of 
consciousness b\ mtioiis o\ieli* anel eiwgeii (‘limmates the ps_\elne’ faetoi, 
anel the* eemibmeel mctlieiel is the* piaetie-al a])))lie*at ion of the ‘ Aneie i- 
associat Kill ” tlieoiv foi imilate*el In (’iilo in lt)2() 'I'lie jiost -ojici alive fitness 
and eomfe)ite)| patients eipeiateel on mielerllie combination of loeal analgesia 
and gas-owgen ‘ slceji ' e-oinjiaies nunc than faMnnabK vitlitliat follo^\lng 
any eitbei fenm of aii.cstliesia 

It has been mdicatcei idie.iefv that the ana-st lict ist lias a eliil\ to jieifoim 
111 heljnng to jnevcnt aggiinatuni eil sluu-k elming eipeiation ffeneial 
ameHthesia with mtious oNide aiul oxygen en e*\ cliipiopane anel oxygen, 
enable him to elo ho Wheie possible the use of toxii* eliiigs such as 
e*lilene)loim and cthci enight to be avouleel, because then picsence m the 
blooel anel tiHsiien intcifeies with eixielatieni Owing te> then elojnessant 
effect em the icspnatoiy anel e*n cniaten \ e*entics anel b_\ \ntnc eil then 
b])oul Heilnbihty, whu h hnuleis elhcient gaseeniK cxc hange, t hey mciease the 
tiBHUc asphyxia alieaely picHenl m the Hluickcel jiatient f'en l.nnalcly, 1 he 
Hhocked patient ih mmh less sensitive lei pain anel tlieiefene an.esthesia is 
attainable by the use of Icsh teixie* agents liy using nitiouH eixiele anel 
eixygcn m a Heim-e-loscel ajipaiains kucIi an the Jioylc, ameHt.heHia e*an be 
maintained, while at t.lic same time fnctenH Hiieli as low blood inessnie, 
cyanoHiB anel the Iohh by exhalatuni of watei vajiom and heat may bo 
mitigated 'Phe cncnlation ih snppoited and the bleiod picBsmo maintameel 
by the mcieiiHed reHjmatoiv exeuiBum anel bottci cxjiaiiHion of t.lio hmgs 
winch iCBults fiom jiaitial lebieatliing 13y tJic same media nism the e*yanosiH 
present befoie ojieiation m eliminated and any tendency to hypostatic con- 
gestion countei acted It is a constant ohseivation that the shocked jiatient 
looks better once he is undei the influence of gas and oxygen Owing to the 
lowered metabolic rate which is concenmtant with hIiocIc, anaisthcsia can be 
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maintained on gaa and o'^\gcn miKtures m which tlio oxvgen ma\ fonu aa 
much aa ?0 to 2"> per cent If the amestlieda is insufficient aa for examiilo 
it nught bo in an abdominal section the safest supplement la local infiltration 
or intercostal nervo block to obtain the necesaarr relaxation of muscles 
WTien a closed arcnit CXD, absorption apparatus is arailablo cyclopropane 
and or»-gen mft^ be used and will provide a sufficient depth of amoatheiaa 
even for abdominal operations Cidopropano is administered with a high 
proportion of oxigen (8o per cent approximatelv) an important factor 
when the volume of circulating blood is rednccd If cyclopropane is not 
available then ether or dmn^l ether mav be used to supplement gas and 
oxvgen uiicn necessnrv Much less harm is done to the patient bv a little 
supplcmontnn ether than bv attempts to maintain gas and ox\gcn nrifesthesm 
on a drastically rcdnceil oxygen content 

Intravenouj anroitheiia — Tho intravenous barbiturates — ^lentothal 
sodium and tho Bntmh unbstitutca for evipon — have proveil of great value 
as anfDsthetic agents for the lesser surgical procedures in casualti work 
They have a claim to usefulness m major surgorx also but onl\ when there 
IS sufficient time for a skilled anfcsthotist to devote his complete attention 
to each case Through the raediam of an intravenous dnp the barbiturate 
may be adramistored over a fairly long penod but in such cases the anics 
thetist must ensure adequate ox\«nation bi insufflation of oxi’gen if 
necessary and so counteract the deleterious elTect of prolonged respiraton 
dopresaion which frequently aceompaoies such administration For this 
reason the method cannot bo a first choice for shocked raises 

Tlie main sphere of usefulness for the barbiturates is in the treatment 
of minor injnnoe sncli as the cleansing of supcrficiai wounds and m short 
procedures {twenti to tbirti minutes) such ns reduction of simpler fractures 
and application of plaster 

Choice ol anffirthetio — For operations about the head and neck endo 
tracheal aruesthesia is essential in order that the surgeon may have free 
access to the operation field In cases of severe head injury w hen the patient 
IS imeonsaons an anxestbetic is not required but it is a wise precaution to 
mtnbate the larynx so that m the event of respiratory failure fixim increasing 
rntracranial tension the amestbetist can connect the tube to the gas and 
oxygen machine and immediately start rhythmic inflation of the lungs with 
oxygen by compression of the rebreathlng bag of the apparatus Anfesthaia 
for operations on the bead and neok need not bo earned deejier than the 
first plane of the third stage and for this mtrous onde and oxygen is 
sufficient after a small pre-operative dose of morphme and hyoseme For 
long intracramRl operations involving the raising of large osteoplastic flaps 
local infiltration supplemented b\ gas and oxygen sleep to allai the 
reatiesaness of the patient is the method of choice 

Operations on the cheat wall may bo performed under local analgesia or 
under light general amesthesia For work inside the pleural cavity endo 
tracheal cyclopropane and oxy^o, or gas oxygen and minimal other are used 
and preferably by closed ciremt apparatus so that the mtrapuhnonary pressure 
and the extent of the respiratory excursion may bo to some extent controlled 
by the anesthetist If <batherm\ apparatus is to be used inside the pleural 
cavity cyclopropane or ether must not bo used If nitrous onde and oxygen 
54 
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IS jnsiiflioicnt in .such cik mnsfimccs. Ihon a small supjilcmonlaiy ((iiim(it_\ of 
chloiofonn may he adrlccl 

In linnmal.ic ahdommal Hmgci\. mhalalmn amesthcsia uiih nitions 
()\idc and ow/ren hiijiiilomcnlcfl |)\ local mfilfialion oi mieuosjal nci\c 
block IS the method ol choice, cspeciallv in the piescmi' of shock. Alteina- 
t.iveh, cvclopiojianc and owgem ma\ he used, ami m cases exlnhilmg 
htHc oi no shock, gas owgen and ethei imn he necessan hecanse the 
tlneshold of the patient’s ic'sisfance tc) an.i'sthesia has lemained at its 
noimal l(‘\el 

Dislocations, fiactmcs and associated laceialions of the soft tissues aie 
licsl tieated undei light gcncial an.csihesia. hut it must he siilhciciil to 
allow the singcon to o^elconle muse iilat contiaction in his mani|)iilat ions 
If maikcd shock is jiicscnl. nitious oxiclci and o\\gcn should he used hut 
wlicie llicie is onh slight shoc-k etlua ma\ he aihled if lecpiiicd Caic* must 
lie taken dining the iiidiKtion stage lest the* paticmt stiiigglc* and coineit a 
simple fiactine into a comiioimd one 

Biiins toim a huge i)io|)oition of the casualtii's of modein waifaic 'flic 
iieatment of extensive hums iisualK lakes some consideiahle time, and the 
.imcsthesia, theiefoie must he minimi/ed as miic-h as possible Such eases 
aie gciioialh .seiioiish .shoe keel and show chmimshcd sensihihl\ to jiain 
’J’ho only aniesthcsia lecpuicd if it can he c-allcsl an.esthesia is light gas and 
oxygen ‘ sleep ” 

Conclusion- -'J'his c‘haplei has dealt maiiiK with the majoi jiiohlenis ol 
an.esthelic' aclmimstiation. hut the aia'csthctist’s duties aie not lestiietcd to 
the anieslhclu looiii and ojiciatmg thealie lie has main minoi piohlems 
to deal with each (piite imjioitant m itself hut ol winch limitation of 
sjiacc ])ic\ents discussion 

He inusl aiiangc the ])ic-medKat ion foi each mclnidiial case and find 
hefoiehand am special fealmcs in the patient s histoiv oi state on examina- 
tion which ma^ inthicnee the choice of an.esthelic , and jiossihh even the 
natuic and extent of the ojiciation He must he able to gi\e instructions 
icgaidmg the ]iie-opeiatn e jiicpaiation of the unstalah/cd diahetic oi the 
patient wath a fihiillatmg hcait 

His vcisatility must cmhiate dextellt^ m apphing a touimquel (and 
lememhcimg to take it otT again), tlie ahlht^ to set up an mtla^cnous drip 
if called n])on to do so, and the comjilcte mcehanic.il knowledge icquned to 
look aftci icducmg valves, fiowmctcis and suction jilant 

Finally, he is icsjioiisihlc foi the piopci care of the patient on the letmii 
jouiney to bed and must he icady to advise legaiding ticatment for amais- 
thetic sequeloe such as vomiting, icspnatoiy and cnculatoi^ depression and 
che.st complications if and wdicn they occui 



CHAPTER XIAX 


CHEMOTHERAPY 


T he introduction of modem clieniotliorapj m the treatment of acute 
microbio infections has resniteil in a confused tenmnolog} often 
apparent in medical hteraturo The general term stiliihonamidcs 
18 nghtlj apphed to the group of compounds now m common use 
but distinction must be draum betw-ccn individual members of the group 
smeo there is considomble dlfTerenco m their nature and the scope of their 
action 

In addition to the suJplKmaraidea other comjioiinds termed siilphones 
ha\o been the subject of much studi and some chmeal trial but their exact 
place In thompoutics has not \-et Ikjou deterramed 

COXFOUBD3 ATAILABLE TDB WE 

The bu< of aQ MitphorMoiKtei In (>enml at pn^nt k r«ra-aBiincJpeiu»r'aIphcmninhle or 
raJpfatDiUm^te aAi ai «uch thii I< Hotter a ranetj of different name% neh aa Streptoetde 
ffolphoflAmkie P R Col>aUanle Prontetm, Anbe^ and Prontod] albuo of OenoaD on^rln. 

Uerfratlre* of nlphanjkmiite hare been prepared for Ibe perpo«e of eomponodr anitaUe 

for parenteral therapy { others bare been di«eo\eeed ahkh ure a abler ran^ of aotlrity or are 
tew tode than folphaftllamJde Itxlf. AneiaotpleoftheUilgroup I beoxrl rolpb^kmide otheralw 
Looan a* Prompt a>doe nr M A U 1.^ The aorabte denratRea oi ratphandaiiikie iDcIode di'<idiQm 
(y pheDTt-pTopytantlnot-hoDzeoevdphooanilde a]pb»*y*dkulphocate eommontr krtnwQ M A B 
137 or iWascptatioc Solpbocumlde ELO^^ aod Knlphonaoude P and aohitbrre of Folphatill 
amide in ornanle aolrrota aoeh a^ Rtreptocide ■olotioa, 

A aohiWe fiilphooc dtamlravdlpbenvl ^otphooe plowdile or Promln baa reeentlr been Introdoced 
Rglpbanllatiude derlratlrra abkb ^\e a aide rmose of actliH^ are - auIpbanilrlamlnopTTidine 
(otherake aatphaprridme Da^renao or 31 i B 0D3), 3 aalpfaanUHaraloo-tbEaxcJe (aK> Lncm aa 
mlpbathlainli? Thkiamldo or 31 4 B 700) aalpharetaiiilde(a7Dcinvmoo^ with ATburkl), together afth 
their iodinm aaJtn for Intravenotu and orraMonal IntramawMilar admliiktration Rerently two 
farther rolpbonamkle* hare been introdoced, namelt autphaoflvlTuaaldliie aod *-rntpbam]ykmIiK>- 
pyrlmldioe (jjenerally bwan a nlpbaibaabie) biit tbeir vahie na» not eo far been folly eraloateiL 


OEHEBAL C0NSIDEBATI058 OOVEKHIHO CHEMOTHERAPY 

It is impracticable to discuss the treatment of all the bacterial infectious 
whicli may be mfluenced b3 the siilplionamides Certain princaplee mar 
be laid dotm uhioli are applicable to acute infections generally — 

(а) The nature of the infecting organism should bo known 

( б ) The patient ahonld bo recumbmt donng treatment 

(c) It IS essential that a high concentration level of the chosen compound 
be obtained m the blood stream as rapidlv as posable and to obtain 
tlus the imtial or loading dose should on the first few occaslona 
be at least double that subsequentlv given for maintenance 
purposes 
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IS iiisnnioiciit 111 sucli CMcninsfamos. then a small snjijilomenlarv fjnantit\ of 
cliloiofoim may he added 

In lianmalie abdominal snigen, inlialalion ameslhcsia \\itli nitrous 
oxide and oxygon siiiijilemenlcd hv loeal infilliation oi intercostal none 
block IS the method of choice, es|)eeinll\ m the piescnce of shock Alterna- 
tivch , cv(lo))io])anc and oxvgcn ma\ be used and in cases exhibiting 
little 01 no shock gas, ox\gen and ethei ma\ be necc‘>sai\ because tlie 
tlncshold of the* patient's lesistnnce to aincsthesia has icmamed at its 
noi mat lc\ el 

Dislocations liactmcs and awitialed laceiations of the voft tissues aic 
best tieatod nndei light geiieial amesthesia, Imt it must be snfiicicnt to 
allo\\ the smgeon to oNcicome muse ulai contiac'tion in ins manijnilations 
If maikcd shock is jnesent iiitiou'' oxide and ox\gcn slionld be used but 
\\hcic tlieie is only slight shock ethei ma\ be added if locpiucd f'aic must 
be t.ikcn duiiiig the induc-tion stage lest the patient stiuggle and ccnncit a 
simiilc fiactuie into a C'omjiound one 

limns foim a huge ])io|)0ition of the casualties of modem w'arfaie Tlie 
ticatment of extensne bums usualh take**' some c*onsiclcrablc time, and the 
anfcsthcsia Ihcicfoic, must be mimnn/cd as much as possdilc Such cases 
aic geneialK sciioush shoe keel and ^how diminished scns1blht^ to pain 
The onh <in.T>sthcsia lecpuied, if it c*an be csillcd anaesthesia is light gas and 
ox\gcu slcc]) ’ 

Conclusion — 'J'his chajitei has dealt mamh Mitli the mnjoi jnoblems of 
anaesthetic admimsliation but the nmesthctist’s duties are not lestnctcd to 
the aiuesthetic loom and ojiciating theatre He has man> minoi pioblems 
to deal ^\Ith each cpiite impoitant in itself, Imt of ^yhlch limitation of 
s])aco ]ne^ents discussion 

He must anangc the jnc-mechcation foi each individual case and find 
befoieliand any sjiecial featuies in the jiaticnt’s liistoiy or state on examina- 
tion vliich may innuence the choice of aiicesthctic. and possibly even the 
natuie and extent of the opeiation He must be able to give instiuctions 
regal ding the jire-ojieiative picpaiation of the unstabih/ed diabetic oi the 
patient vith a fibiillatmg lieait 

His veisatihty must embrace dcxteiity in ajiplymg a tourniquet (and 
lemembermg to take it ofl again), the ability to set u]) an intravenous drip 
if called upon to do so, and the complete inechaincal knowledge required to 
look after leducing valves, flowmeters and suction plant 

^Finally, he is lesponsible for the proper care of the patient on the return 
jouiney to bed and must be ready to advise legaidmg treatment for anes- 
thetic sequel® such as vomiting, respnatory and circulatory depression and 
chest comphcatioiib if and when they occui 
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TECHNIQUE OF ADMINISTRATION 


AoouTBcy and tdequicy ol dotage — The general uchonio for all compounds 
admimetorcd ornllr is to commence with one two or three loading doses 
of 2 or more gm at regular intervals followeil 1 gm at the same time 
interval usualU four hours until aoine response is evident wlion careful 
reduction mav bo begun 

Ficept when sulphanilaniido w l>cing ndniinictcred it m impossible to 
be suro that sulpbonamidea given other than b\ the intrax-enous route 
cause adequate concentration of the dnig in the blood or other l)od\ flmds 
This 18 duo to the irregulantics in absorption from the inteatinnl tract and 
also in tho rato at which excretion takes place To overcome the effoot of 
these irrcgulantica it is highl\ deamblo to detemiino from timo to time the 
blood concentration in a given case so that dosage um\ be suitabli adjusted 


Accurate estimation of blood coiieciitratioii requirea 
a moderate amount of apparatus and reagonta but a 
useful clinical method (Fig 38t) for conducting the 
tests has been dcvisod by \\ cmer and othera ’ The 
determination of bloo<l levels is of the utnioal lalue 
in adjusting doango in patients who are gmvcl\ ill or 
wlio show iioor rosponw) to treatment Tlie lirugB are 
mpidlv abwrbed from the gut and oxcrctoil at sucli a 
rate that a minimum of four hourly ndinini>.tmtion is 
neceesarj to maintain an effective blocal concentration 
If sulpbfttluaxolo Is exhibited orulix it i« necewsan to 
administer the dose tno hourly if high concentrations 
are required (Ra\enol and Leseeue Smith) 

Blc^ couceatrttloa nacetsary — There i« iku* 
general agreement amongst cliniciana tliat under 
ordinan circonistanccfl a blood lei-ol of 10 rag per 
100 c c IS necessary ^licn sulphamJamide w being used and ■> mg or more 
per 100 0 c when eulphapyndino or sulphathiazole is used except in the 
treatment of aorere staphvloooccal infections a hen higher levels appear 
neceaearj up to 15 or 20 mg per 100 cc To obtain maiimal levels 
intravenous medication Is usually necewsarx 

While in moat instances tho adequate oral admimstration of u sulphon 
amide results in effective blood concentration of the selecterl compound 
undue roUance should not be placed on that happening Recent studies by 
Walker ft aJ show that treatment with suliilinthiarole does not prodneo as 
high concentrations of the drug m the blood as are obtained with sulpha 
pyndm© and this apphe* even when the dosage of suliihathiaiole is twice 
that used for sulphapxTidme When sulphathiaxolo is use<l there is not the 
atoadx rise which occurs lu cases adequateh treatoxl witli snlphapxTidine 
because the drug is rapidlj eliminated 

Danger ol low dotage — Inadequate dosage is certainlx more nskv than 
a short intensive course of treatment for underdosago will probablv be 
ineffective and result in prolonged treatment witli its attendant nsks K 
low ineffective dosage is mcreas^ to more reasonable amounts it is possible 
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{(I) 'i’lio couisc of fieatmeiil should iiol. e\(occl Icn dn^s diirnlioii If 
Ihoic IS no icsponso to ticatinont Milhm lliict* oi font dius the 
drug used is iinlilvcl;^ lo ])io\(‘ cfrci Inc, and in this c\cnl il ni<i\ 
be desnalile (o clianpo fo anoliici 

1 he snlplionanndo coinpoiinds aic a(li\<‘ onl\ aj^iiinsl (citain inuro- 
oiganisins, and Ihcso Inuc the chaiai Iciislic prop(*il\ of jii'Oflncing acute 
ninnifcstalions 'J’lieic is lilllc c\ idonce llial (hifuiic infections due lo the 
same oiganisins aie inaleiialh infliicneed In clieniollieinp\ (lioiigli the 
dings nun lie of \aliie in acute c\acci bat ions 

Micro-orgnnisms on winch one or more sulphonnmides act m the human 
subject — 

(A) SruoMi AC’i'nrn 

iS7> eptoroa as 

IjturrficUV \ (houj) \ Sli cjtfocitrt ii\ p\<)g(Ml(''^ 

J)iplornrnis jinciiinoni.o 
AVissci la gonoi i Iko.c 
ineningilidn 

KUhsicJIa juieiiinoni.c (lidciUtis Fi ledlandci i) 

Pdsicif) clla pestn 
Ho nioj>/nld.s diicieyi 
E^chc) iclnd coll 

(B) MonnitATn a( rn it's 

El)CI)IOCOCCI('< 

Jjducejicid s (fioiij) (' 

Lntirpfiehrs Gwdj) 1) (iiu hiding Hhcplnton ii\ f.ciahs) 

Sh cplocoirns viiidaiis 
Bdcilhis antliiacis 
Closlndimn tetaiii 

, Wclchii, etc 

SlaphyJococcm auieus 
, nlbus 

Bi ucella inehtensis 

,, aboitus (pobsibh ) 

Hoemopliihis influenza? 

Pseudomonas pyocyanen 
Pioleus vulgans 
Acitnomyces 

The action of sulplionainides on bacteiiu in \i%o is not bacteiicidal oi 
antiseptic, but is believed to dei?end on an alteiation in then metabolism 
Tins effect is to some extent quantitative and the need foi high dosage in 
tieating massive bacteiial infections must be emphasized The fact that the 
sulplionainides aie antibacterial does not mean that thei" aie antitoxic 
theiefoie ivlien appropriate antitoxins aie available these sliould be 
administeied in full doses 



CIlKMOTIIERAP\ 


495 


their nction locnll^ nncl their action in bacterial iiiflaniiiiatioii of infernal 
organs such as tho lungs tMiiie tlio ravages of tho niiciobes are being 
checked bj ohemothompeutic agonta tho natural defence and the repau- 
processes of tho bodi still operate and these should bo assisted bj any 
fl])propnjito surgical or other iiiothoda of treatment 

Bacteriology ol inlected woundj— Wound mfoctions nro common]) duo 
to staplijlococci streptococci B coH and tho anaerobic cocci and bacilli 
Tlie ports pla\ed b) Proteua viiignns and B p)-oo\*nneus in wound mfoctions 
remain mthor obscure Tetanus is mro omng to the growing use of pro 
pin lactic inoculation but D^ce Sharp has drarni attention to the efficaov 
of sulplianilamido os a themi«utio agent oi'en mtliout the adnimiatration 
of antitoxin 

The exact nature of an individual infection can on!) bo detonuined in a 
laboratory irudi assistance is obtainable b) the clinician if a direct smear 
of puB IS examined microacopioallv after tho application of n simple stnm 
such as mcthxdeno blue 

Eeiponie to treatment — (n) StrIsPtococoai, rxTEcnoNS of the beta 
hiemolytio type cither local or spreading serious though tlio) aro commonlv 
present no particular difficult) regarding treatment provided this is 
sufficientl) vigorona The loa grade and anaerobic streptococci are resistant 
to treatment but fortunately tlie) are not froquenth encoimterod \Mien 
the) aro found m chronic wounds without pronounced slough or pus formation 
tlio topical application of sulphathinsole nm) be sueceanul If hromolytio 
stroptocoooi are present m chronic shallow wounds tho\ ma^ often be 
ellmmatc<l by tho topical application of sulphamlamide 

(6) Stathtlococcal entectiovs aro difficult to treat as no chemo 
thorapeutio agent j'et dlscovorod has on outstanding aotivity on tho organism 
It has been found however that eiilphap)'ndine or sulphatluatolo given m 
sufficientl) largo amounts mo) at times fovourabl) influence tlio course of 
the disease and in eepticfomia oven alter tho ohamotcnstio pathology ttTuJe 
a blood-stream infection ma) occasional!) be overcome subsequent septic 
metastasos often present grave problems 

(c) B coLi vvouiTD niTEcnONS respond vroll to sulplmnilamlde but the 
frequent coeustonce of other microbes makes it desirable that compounds 
With Q Tiider range of action such ns suljihnpvTidine or ealphathlaxole 
should he emplo)’ed for treatment 

(d) Clostehual rxTZcnoxs — Tho exact place of chemotherapy in the 
treatment of infections bv the clostndla of gas gangrene is still undetermined 
hnt it seems an occasion when the combined use of sulphonamides with an 
appropnato antitoxm of high potenc) should give the best results The 
subject 18 treated in greater detail m Chapter XIII The importance of 
giving adequate dosage of tho chosou compound oannot be overstressed 
up to 10 gm being neccssarj during the first twent) four hours treatment 
m fulminating cases In the less severe mfoctions such high dosage is not 
neceesary if the condition has been treated adequfltol) bv surgical or X ray 
therapy 

(«) SfipTio^iiiiA compheating septic wounds is commonly stropiococoel 
or staphylococcal m origin In some instances the condition mav be duo to 
operative mterference in infected wonnds or to Ivraphatic spread caused by 
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tliat lillle if am icspoiisc will lie ohlainofi 'J'lic orpaiiiHniH bccoiiic* firiig 
fast oi liuncfl away be\on(l Ibo rcadi of am cluMnolbcrapeutic leincflv 
'J’Jns IS ])ai liculai l^ line in sla|)li\ bxoccal infe( lions Moico\cr valnalilc 
tunc "wjII Iia\e been lost foi pionipt and eiieigelie liealinent is essential 
for success 

Choice of compound to be used — b'oi cffeelne ( beniol liciajn llie iiiKit)- 
oigainsin (ausnig I be infcdion must be susceptible to the diiig einplo\cd 
■Jlicic arc tunes when elaboialc investigations me not jiossiblc and it nun 
be found llicic is not the exjieded response to ticatinenl in siidi 
cncuinstaiKcs it is desnablc to <-hange the (oinjiound to another winch is 
consideicd bkch to be aelne li\ fai the best juoccduic in rliflicult eases 
IS to lc->l tbe sensitn it\ of the isolntcul organisms tc) the a\ailable c onijioiinds, 
using the shdc-tcll leehnicpie de\ ised b\ I'leining 

Intravenous therapy- As a supplement to sulphonamidcs admimsteied 
oiall\ a fcA\ initial intunenous d«»ses of a subilile eompound me useful in 
the ticatment of seveie infections rndei ceitain eire uinsl antes, as feu 
examjile in sejitieaunia it nun be desirable* to leh enlneh c)n continuous 
lntla^enous thci.ijn l‘’oi this puiposc the ajijuopriatc amount of soluble 
chug is dissohecl in noinud saline oi ])ei cent dextiose solution between 
2,000 and It OOf) c e being given in twcnt\-fom houi'' liloocl contontration 
levels aic adjusted b\ adding nunc* ding or b\ incieasing the late of flow 
Tn aiuemic ])aliciils oi those iccpunng tiansfusion foi some olhci leason 
it IS ])nssiblc to add the soluble compound to the blood but eaic must be 
taken to use ficsh and not the stoied Aaiiet\ as hbrin nun be piecipitatcd 

1’he niliamustulni injection of soluble ncutial compounds oi piejiaiations 
of suljihanilamicle is a hancK juoceduie and docs not cause local leactions 
The jiosition is cbfTcicnt when the alkaline soclnnn salts of sulphap\iidme oi 
sul])hatbia/olc arc used in tins mannei as locid muscle ncc'iosis uun be 
caused This damage nun in some measme be avcjidcd by ensuimg that the 
injection is given cleciih into the gluteal muscles and that no solution n 
peimittecl to escape along the needle tiack It is the se\creh ill ji.itient 
wboiequnes paienteral theiapy and such cases usiialh hn\e some degree of 
pciipheial circulatoiv collapse It is unhkelv, therefoie, that mtiamiisculai 
injections or drugs bjy livjiodcimochsis will leacli the general cnculaticm 
as effectively as when* the same comiiounds aie given mtra\ cnoiisb 

Rectal administration of sulphonamides — The lectal admmistiation of 
sulphonamides may be a useful alternative to continuous inti.ivenoiis 
tbeiapj' A satin atecl solution of suljibanilamide in noiinal saline oi a 1 
per cent solution of sodium sulphapyiidine is commonlv emjiloyed. a total 
dosage of 7 to 10 gm being given m tw*entv-foiu boui-s To be effective 
tbe solution should be given in a continuous drip at a rate of about GO c c 
per hour, but care must be exercised to see that enough is absoibed to ensuie 
a therapeutic level in the blood stream Regular examination of the lilood 
concentiation level must tlieiefoie be earned out 

SULPHONAMTOES IN SURGERY 

To understand the part played by sulphonamides in the tieatment of 
sepsis it must be fully realized that these drugs act on some of the micio- 
organisms found in wounds, and there is no diffeience in principle between 
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concentmtions If it is posable to ciisiiro nn adequate local concontmtion 
of a drug bj the oral or some other route then sucli should be attempted 
and additional local treatment given if possible Local application is 
rarely as effective in treatmg acute wound sepsis as adequate general 
sulphonanudo treatment In chrome wound sepsis local appbcation is alaTivs 
worth a trial ns general adminiatrabon is usuaUj ineffective or even Iianiifiil 
Before local application is attempted it is valimblo to have an idea 
of the bactonologj of the wound and it is also of fundamental importance 
to remove as much detritus as possible for nibummous material inhibits the 
antibacterial action of sulpbonamides It will bo readily understood how 
limited must bo the local activity possessed by a sparingly soluble compoiuid 
such ns snlphnpmdino (1 3 000) SuJpliamlnmide winch is 1 per cent 
soluble possesses onl\ a bmited range of antibacterial activiti principnllv 
against bremolvtio streptococci Becmiso hjemcljiio streptococci are so 
freqiienth present in surface traumatlo wounds or bums sulphnmlamide mnv 
be usefulK emplo\cd in their treatment After elenmng the wound mth 
normal salme solution the powdered dnig is applied mth nn insufflator or bv 
similar means, or nltemativel} in an ointment base Vnnoiis bases have been 
reconunonded and in the local treatment of burns such iirejm rations hn\e 
obvious merits 

An important uso of aulpbanilamide Is its local application to wounds 
pnor to and at the bmo of skin grafting oiicxntlons The incidence of local 
reactions and faiiurcs causo<l b\ streptococcal infections Jins been Btnkinglv 
diminished (^lowlom) 

The local use of tlie soluble donvativo of siilplmmlnmide Solusoptnsmo 
and the sodium salt of snlpliacotnmldo Albucid soluble is attracting atten 
tion but both these drugs have a restricted range of nctiviti The alkalinitv 
oftliefrooh soluble sodium salts of the more active drugs sulplmpmdino and 
sulphathiotolo restricts their local use The local treatment of chrome 
staphyioooccal infections is difficult hut occasional success has followed the 
appbcation of snlphathloxolo wliicli is soluble I 2 500 (ilartmdale) 

Provided a reputable sulpbonomide jiroparation is us«l there is no 
neccsBiti to stenhze it before application to an open wound Horrell and 
Brown who have investigated tiie matter state that thoi have never seen 
and do not know of any incident m which the development of infection 
due to spore forming organisms could be attnbuted to the introduction of 
anj of these drugs into nn infected wound Should stonhintion of am 
sulplionnmido preparation bo desired this may be done m n vacuum nutoolni e 

PEOPHyLACnO TlgE OP SOLPHOKAMIDEB 
The value of sulpbonamides ns an adjuvant to surgical operations per 
formed in the preoenco of sepsis is unquestionable when thej are given m 
amounts sufficient to obtam a bacteriostatic concentration in the blood 
The prophjlactio implantation of as much as lo gm of salphamlamide 
into wounds is often succeasftil but surmcal advance is rapid end the cre<ht 
for results obtained may bo partly due to other procedures emplo\ed 
It must always be remembered that e^pfaanilamide the drug most commonlv 
used has onl^ a limited range of activity 

The local use of spanngh soluble compounds having a wider range of 
55 
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inovcnieiit of niu.sclc^’ loimd local vcj)',ik 'I’lio piojjln laelio \alue of 
iniinohili/atioii agniii'^l the spioad of sepsis has been emphasi/.cfl by icceiit 
e\])ennien(s earned oiil l)^ 'I’nicta rf al If is impossible fo detail the exact 
licntmeiil iiceessan loi each lase because the raiise aiul the ein iimstanccs 
diffci so mu(b fiom lasc to ease 'I’be best ajipioaeli is to deal suitabl\ with 
Ibc local scjisis 1)\ snigual oi other means and at the same lime treat the 
scptic.ximia by ebemotbeiap\ eombined yitb am scia oi ^aecmcs eon- 
sidcied dcsiiable In mute stiejitoc oei al diseases snljibamlamidc, oi ben/yl 
snlpbamlamide. aloiK' oi nitb a soluble deii\ at lyo of snipliamlamido aie 
the most satisfa(toi\ eomponnds. and the ineideiKo of side cfTects will be 
less than if some of the otbei antisfjcplo<o(<al agents aie emj)lo\od In 
subacute sticjitocoeeal diseases the use ol sulpbapM idme oi snipbatbia/ole 
IS indicated .is tbe_\ aie the most actne c*omponnds yet ayailable for the 
Jim pose As jiieMonsK mentioned, stajiln loeoi eal cases do not lesjiond well 
to tieatment Suec'css lias bowe\ei sometimes followed the admimstrat ion 
of sodium sulpbap;^ ridinc oi sodium sul])batbia7ole ebssohed in noinial saline, 
Ol .1 jiei cent dextiose. contmuoush lix the intiayenous mute Ujitollgm 
sul])ba]n i idmc and :f0 gm of suljibatbia/ole mm be admuiisteied tbioiigbout 
tlie twentN'foiir boui-s and continued at tins latc foi tbice oi four days, 
suitable adjustments in dosage being made by obsenation on the blood 
eonccntiation Icycls attained (sec p ‘tbJt) 

Treatment of acute wound infections — Expciiencc shows that local w'ound 
infections aie most innuciucd b\ c bcmotbcrapcutic agents when the piocess 
1.S of an acute character, that is. w'bcn the patient is febrile and shows signs 
of geneial leaetion Wbateyei Hulpbonamide is chosen foi tieatment. the 
initial dose should not he less Ihnn 2 gm given foiir-houiI> foi two or three 
doses, follow'ed by not less than 1 gm at foui-Jiouih mteryals foi two or 
more da>s befoie tapering is commenced In veiy ill patients an initial 
dose up to ") gm may be given and follow'ed by two or tliiec subsequent 
doses of 2 Ol gm A total close of 20 to .‘fO gm is usually sutTicient, but 
it may be exceeded piovided legulai examinations aie m.ide to obser\o any 
signs of leucopenia or other blood clysciasia 

Treatment of chrome wound sepsis — For various leasons chiomc wound 
sejisiB does not respond well to siilphonainides given in the ordinary way 
Their administration may indeed be fi aught wath clanger, firstly, because 
there is a temptation to continue dosage for too long a period, and .secondly, 
because patients wath chronic sepsis aie frequently subject to a degree of 
ansemia which may be accentuated by sulphonamides, unless special 
precautions are taken It is in this type of chronic case that the local apphea- 
tion of sulphanilamide may be useful, particularly when the organism is 
a hcemolytic streptococcus The local effect of other compounds wdneh are 
sparingly soluble is still being investigated 

The basis of success folloxvang use of the drugs in this way is their abihty 
to provide a bacteriostatic concentration in tissues adjacent to the infected 
area To use the compounds in purulent woimds is no more hkely to be 
successful than if ordmary antiseptics are employed, but occasional successes 
have been reported This is possibly due to the bactericidal effect of 
sulphonamides when high concentrations are present, for unhke the ordinary 
antiseptics these drugs do not cause local tissue damage even m Jngh 
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staphylococcal long infections which follow some opideroica of mfluenia 
CNIelton) 

There is increaeing evidence that Bulphonamides properh administered 
may rcheve the bnctcnol comphcations of the common cold To avoid the 
recumbeno\ necessitated h\ oral therapy tlio suggestion has been advanced 
that rehef may be obtained by spraying the nasal meati with a solution of 
poluseptasine but confirmation of this work is neceasaiy 

(d) Menlnfltij— The clinical txTJea of acute meningococcal infection 
prewnt differences in the degree of mcmngenl iniolvement but treatment 
of all t 3 'pes is similar both with regard to the compounds used and their 
method of odmimstration Sulphanilamido or sulphapvndino should be 
given in the dosage advocated by Banks which is a daily total of 0 gm 
of Bulphamlamido given at regular four hourly mtervals dav and night 
for the first two or three dan the initial two dosee being 2 gm each and 
the subsequent ones 1 o gm each If there is clinical improvement dosage 
should gradually be reduced at the end of about three daj’s and treatment 
completed in not more than seven to nine da}-! Climcal expenenco suggests 
that sulplmpvndine is a more effective dnig than sulphanilamide against 
meningococci and that 0 gtn on the first 8 gm on the second and 7 gm 
on the third daj are adoqaato before inatenal reduction in the dewe is begun 

If patients proi'B intolerant to eulphapvndine sulphamlamide or sulpha 
tluRioio must bo substituted but m severe infections neither of these 
compounds seems as active as sulphapyndine 

Bi unconscious patients or those with cireulntorv collapse when oral 
therapy is impoanble tlie parenteral administration of sodium snJpliapvTidme 
solution should be adopted prefecablj bj the intravenous route 1 gm 
being dissolved in 20 c c of normal satme before injection Deep mtra 
muscular injection of not more than 3 o o of 33J per cent solution of eodiiim 
sulpbapyndine may be attempted but absorption into tlie general circulation 
is often slow and as mention^ earlier in this chapter severe local reactions 
con occur 

Following the diagnostic lumbar pimoture it is frequenth unnecessary 
to repeat this operation There should be no hesitation m doing so should 
pressure symptoms bo urgent or if response to treatment appears somewhat 
tardy The state of tlie cerebrospinal fluid can then be observed and the 
concentration of the compound estunated rt should never bo matenallv 
below 3 mg per 100 c o m the acute phase It ma} be found in certain eases 
that despite mtensrve dosage with sulphapyridine and the attainment of 
a satisfactory concentration in the blood there Is difBoultv m achieving an 
adequate level m the cerebrospinal fluid It seems that such caises are the 
subject of severe choroidal damage which interferes with the secretion of 
snlphapyndine (AMiitelaw and Thrower) The intrathecal injection of 
sulpbonamides should never be attempted m these or any other case as 
senoua damage to spinal nerves will result In these severeK ill patients 
much may be done by forcing fluids even by the intravenous route m which 
case tlie sodium salt of sulphapyridine may bo added to the mfosiom 

Spoofio serum treatment may bo desirable as an adjuvant to ohemo 
therapy m certain cases but there is mcreaamg evidence that success is hkelv 
with Bulpbonamidesaloneprovided thev are administered with circumspection 
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activity than sulphanilamide does not seem justifiable when these ma}" be 
given orally oi by other means, with every prospect of their being absorbed 
If a soluble sulphonamide is placed m a wound its effect is, of course, transient, 
and it IS essential to continue with oral therapy 

Micro-orgamsms as a class thrive in the presence of damaged tissue 
While surgical treatment aims at the total removal of such tissues, this is 
occasionally mcomplete and local infection may follow In such cases 
prophylactic chemotherapy is luglily desirable Whatevei scheme of dosage 
IS adopted it must be vigorous, because the orgamsms present may become 
resistant to the compound used and dangerouslj'^ dosage is then necessary 
to master the infection 

i\'fitchell et al have fully described the scope and himtations of 
sulphonamides used under field conditions m the Libyan campaign The}^ 
confirm the importance of adequate regular medication and the need foi 
scrupulous attention to general surgical principles as well 

SULPHONAMIDES IN GENERAL MEDICINE 

Smgeons practising in the Services may have to treat general diseases 
where m some respects the action of sulphonamides is more striking tlian 
in purely surgical conditions 

(a) Erysipelas and other similar local or spreadmg streptococcal diseases 
respond well to sulphanilamide or benzj^lsulphanilamide given m standard 
dosage, supplemented on the first few occasions if desired with an injection 
of a soluble sulphonamide 

(b) Pneumococcal and streptococcal pneumonia — Severely ill patients 
or those with the disease well estabhshed should receive a minimum of 
2 gm of sulphapyridine or sulphathiazole as an imtial dose followed by a 
further 2 gm m four hours’ time and even a third if necessarj'' Subsequent!}’- 

1 gm should be given at four-hourly intervals for about tliirty-six hours 
except during sleep, adjustments bemg made for tins Sulphap3T’idme 
seems to be more active in the treatment of pneumococcal pneumoma than 
sulphathiazole, but the latter has the advantage of bemg better toleiated 
After the imtial mtensive treatment there wiU commonly be chnical evidence 
of response, and the dosage of 1 gm four-hourly should be maintamed foi 
a further twelve hours Thereafter the dosage may be reduced by adminis- 
tration of 0 5 gm four-hourly for another twenty-four or thirty-six houi-s, 
finally givmg 0 5 gm eight-hourly for two days A total dosage of 20 to 

2 5 gm IS adequate m most cases Should circumstances prevent oral therapy, 
then a parenteral preparation should be used for the first feiv doses till oral 
therap}'^ is resumed In moderately severe cases, after an initial dose of 2 gm 
four-hourly administration of 1 gm may be commenced 

(c) Non-pneumococcal respiratory infections — The sulphonamide drugs 
have a distinct jilace m the treatment of acute respiratory complications 
associated with such chseases as epidemic influenza and certain common 
colds vhicli prove such a scourge m closed communities With one exception 
(psittacosis) the sulphonamides appear to have no action on the viruses 
vhich affect the respiratory tract When comphcations due to secondar}- 
bacterial infections occur these may be successfully treated with sulpha- 
pjTidme or sulphathiazole, the latter being particularly valuable m the 
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6taph\IococcnI lung infettions winch follow some opidoinica of influcnra 
("Melton) 

There is increnmng evidence that aulpbonamidee proporU ndnunistered 
may roliovo the boctenal compbcations of the common cold To avoid tlie 
rceumbonoy nccc«ntatod oral tberapv the suggestion has been advanced 
that robof may bo obtained b} spraying the nasal moati with a eolation of 
solnseptainno but confirmation of this work is necessary 

(^/) Meningitli — Tlie cbmcnl types of acute momiigoeoccnl infection 
present difToronccs in the degree of meningeal mvohement, but treatment 
of nil tj^pe* IS simibir both with regard to tbo compounds used and their 
method of administration Sulphamlamide or sulpbap^Tidmo aliould be 
given m the dosage advocated by BanlLS which is a dnll} total of 9 gm 
of sulphanilnnude given at regular four houriv inter\Til8 daj and night 
for the first two or three days the initial two doses being 2 gm each and 
the subsequent ones 1 T gm each If there is chnical improvement dosage 
should gradually bo reduced at the end of about three days and treatment 
completed m not more than seven to nine days Clinical experience suggests 
that sulpliap^Tidine is a more effective drug than sulphamlamide against 
meningococci and that 0 gm on the first 8 gm on tho second and 7 gm 
on the third daj are adequate before matennl reaction in the dose is begun 

If patients pro\*o intolerant to suJphapyndine sulphanilamide or sulpha 
tiuaxolo must bo substituted but In severe infections neither of tiiose 
compounds scorns as active as 8ulphap>Tidino 

^ unconscious patients or those with oiroulatory collapse when oral 
theropj 18 impossible the parenteral administration of wxhum sulphap^Tidlne 
solution should be adopted preferably by the intravenous route 1 gm 
Iwing djaeolvc<l in 20 o o of normal saline before injection Deep Intra 
muscular injootion of not more than 3 o o of 331 solution of sodium 

sulplmpjTiihno raaj be attempted but absorption into tho genoml oiroulation 
IS often slow and as mention^ earher m this chapter sovoro local reactions 
con occur 

Following tho diagnostic lumbar punoture it is frequenth unnecessary 
to repeat tills operation There should be no hesitation in doing so should 
pressure sjTnptoms bo urgent or if response to treatment appears somewhat 
tard\ Tho state of the cerebrospinal flmd mn then be observed and the 
concentration of the compound estimated it should never bo materially 
below o mg i»r 100 com the acute phase It maj be found in certain cases 
that despite intensive dosage with sulphapyndine and the nttaiuraent of 
a satisfactorj concentration in the blood there is difBouItv in achieving an 
adequate level in the corobrospinsJ flmd It eeems that such are the 
subject of severe choroidal damage which interferes with the secretion of 
sulphapyridmo fWhitelaw and Thrower) The intrathecal injection of 
sulpbonnmides should never be attempted m these or an\ other case aa 
senous damage to spmal nerves will result In these severely ill patients 
much may bo done by forcing fluids even by the intravenous route in which 
case tbo sodium salt of sulphspyndino may be added to the infusion 

Specific senim treatment may be desoLrable as an adjuvant to chemo- 
therapy m certain cases but there is increasing evidence that success is likely 
With Bulphonamldoe alone provided they areadministered with circumspection 
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(e) Meningococcal septicsemia — ^TJiis condition is being increasingly 
lecogmzed as a cbnical foini of meningococcal infection, but the diagnosis 
depends for certainty on a positive blood cnltuie The i espouse to treatment 
until sulphapjnidme is dramatic (Dickson) 

if) Gonorrhoea — Sulphanilamide has been generally superseded bv 
sulphapjT’idine or sulphathiazole, the latter compound en]o;^nng increasing 
popularity because it is well toleiated There is still consideiable doubt 
among chmcians about the dailj'^ dosage necessary for success and the number 
of days over which treatment should extend. Some beheve in an intensive 
com’se lasting foi three oi four days After the imtial dose of 4 gm and a 
second dose of 2 gm the patient receives 1 gni at four-hoiuly intervals 
throughout the waking day, i c , four or five doses each of 1 gm in the course 
of tiventy-foiu hom's, until a total of 19 gm has been admimsteied On the 
first day many patients are nauseated and ill, but theieafter only a few 
are upset 

A moie common practice is to use a model ate dosage, gmng 4 gm (1 gm. 
four times a day) on the fiist day, and continuing with 3 gm (1, 0 6, 1 
gra ) dail 3 ’- until 15 to 20 gm have been given Thereaftei some teiminate 
admimstiation altogether, while otheis continue on a reduced daity dosage 
of 2 oi 1 5 gm foi a week Local treatment is sometimes given uath these 
dosage schemes A small numbei of chmcians give 0 5 gm thiee oi four 
times a daj'’ for two oi three weeks, combining this with urethral migatioii 
{g) Plague — The successful treatment of B pestis infections with sulpha - 
thiazole, oiiginall}'’ desciibed bj'^ Sokhej’^ and his co-woikers, nia^'^ prove 
most valuable in view of niilitai}’^ developments in the East The dosage 
he recoiiiniends is 1 gm on admission to hospital and 0 6 gm eveij’' four 
hours theieaffcei for a maximum period of seven da 3 >^s, but more intensive 
tlierap}?^ may well be found desirable 

(/i) Bacillary dysentery — Theie is incieasing evidence that sul 2 ihou- 
amides aie effective in the treatment of the acute phase of B dj'^senteiy, 
and the use of sulphamlylguanidme has been advocated for this puijiose 
Studies by Reitler and Mai berg show that equalty good results maj'- be 
obtained by the use of sulphapyridme (1 gm t d s foi two oi three days) 
or sulphathiazole, and the geneial availabihty of tlie former drug in particular 
IS of administrative advantage luidei field conditions 

GENERAL MEASURES 

While the place of suljihonamides m the treatment of certain miciobic 
infections is full}'’ established, theie is no justification foi abandoning various 
adjuvants to treatment of a geneial or special nature, the value of which 
IS fully established in practice Diseases of the kind treated by chemo- 
therap}' still develop their local and geneial tissue reactions although the 
causal organism itself may be conti oiled, so the place in treatment of lest, 
diet, adequate fluids and seia of different kinds remains as impoitant as 
ever Dietetic restiictions, paiticularlj'^ as regards sulphm, have been 
imposed on patients undergoing chemotherap}' vath sulphonaimdes, but 
against the possible occurrence of the rare condition sulpluemoglobinamna, 
must be offset the piactical difficulties of the material departure from standard 
diets, and the fact that in actual experience no haiiii results 
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BURNS AND T HPJR TREATMENT 


B URi^S have recited from mcendmrj warfare since tlio earliest tiniea 
and nia\ be duo to a vanotj of causes Petrol oil suporhented 
steam cordite and the flash from high-e.’cplosive and incendiary 
bombs are the common cause of biums as seen in the jiresont war 
punng the Orest War of 101^18 the commonest anise of bums in the 
naw\ was cordite mam cases being caused b\ the back flash from tho gun 
turret down tlio ammunition abaft to the 


store tins cause la almost eliminated now 
owing to the new construction of the am 
munition shaft and to tlie fact tlmt all men 
working in tho turret wcair anti flash 
gear (Fig 382) 

In tho present war witli such o jire 
ponilorancc of aerial bombardment both on 
land and sea petrol and oil bums (ace 
p i23} are common while those due to cleo 
tnciti hare increased in frequency Quite 
often when a ship has been bombed it 
blows up and the oil tanks burst and the 
aea for miloa round is covered with boiling 
od numbers of men swimming in the sea 
about the destro^'ed ship will receive bums 
of the head face anus and hands The 
explosion of petrol dumps and aeroplane 
craahos constitute a common form of petrol 
bum while the incendiary bomb l)^ causing 
multiple Area is responsible for a number of 
civilian bum casualties 

Amongst the rare causes of bums are 
those due to the explosion of special bombs 
which contain phosphorus and other special 
material bums due to these substances 
require particular treatment or else they 
become more extensive and deeper 

Phosgene and mustard-gas bums most 
be recognised and promptly treated if a 
successful issue is to be obtained. 
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As m the last war so m this one bums form a high percentage of the 
casuftlhee admitted to both aervico and civil hospitals In the navy the 
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percentage lias been veiy high owing to tlie constant bombing of every 
variety of sliip 

During 1914-18 the liist-aid dressing foi liurns consisted of gauze soaked 
in a weak solution of picrio acid, and although it did coagulate the tissues 
and so to a certain extent prevented absorption of toxic products, yet the 
removal of this dressing often caused a first-degree burn to become a second- 
degree one 01 converted a second-degree bum into one of the third degice 
T went to some pains to point this out to the ])iofcssion, and to-day there 
are some excellent forms of tieatment which give uni vei sally good results 

It should be the aim of every medical man to treat cases of burns in 
such a way that a minimum amount of scai tissue is produced m the healing 
processes 'I'lie mortality rate due to burns varies with the area of the 
burn , it IS the extent of the burn rather than the depth which endangers 
life If more than a quarter of the surface area of the body is burnt there 
IS a seiious threat to life 

CLASSIFICATION OF BURNS 

The large number of burns which have been treated both in the forces 
and m civilian hospitals since the present conflict started has necessitated 
a more definite and jiractieal classification of bui>ns than that which was 
devised by Dupuytren 

Although the extent of a burn is impoitant, there is little difficulty in 
estimating the volume of skin involved in the injury Yet it is the depth 
or degree of the burn which is really more imiiortant from the practical 
treatment standpoint Therefore it is more convenient to describe the depth 
of skin damage, and so two types aie recognized 

1 Burns involving partial skin loss, including first and second degiee 
burns of Dupuytren’s classification 

2 Burns causing total skin loss, including third and even fourth degree 
burns of Dupuytren i^fore often than not war burns consist of both types , 
there will be areas of partial skin loss and others m which there is total skin 
loss 

While it may be difficult to assess the actual depth of damage in burns 
an attempt should always be made, because unless this is done an accurate 
assessment of treatment cannot be obtained Where there is total skin 
loss fat may at times be seen in such areas, and this may help in the differ- 
entiation of the two types of burn 

It 18 impossible to treat war burns in a sound practical manner unless 
we have a correct idea of the clinical course of these injuries Again, much 
of oui knowledge relating to the pathological processes which take place in 
burnt patients comes from an examination of fatal cases 

It may be said that the fatal results from burns fall into four categories — 

I Primary shock — ^This arises immediately after the injury and ma}^ 
be likened to a condition resembling a fainting or syncopal attack This 
form of shock is larely seen in the men of the fighting services but maj-^ be 
seen m patients removed from burning houses, and it may well be that the 
psychological factoi plays a part in its production 

The clinical pictuie is well known there are signs of lowered blood 
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preasuTO the pulse is usually fast feeble and of poor volume The iwtient 
IS cold and often scenting while a defimtc pallor is present Fear often 
increases the shock and the patient develops an anxious expression 

This condition is not likelj to bo sonoiis and resjwnds well to treatment 
bv the appheation of warmth and the relief of pam b\ a hx-podemiic 
mjection of morphia Warmth can bo teadiU applied hy an electric blanket 
or hot water bottles Electnc blankets have proved invaluable in naval 
hospitals where a iargo number of bum cases hare been treated, 

Tho patient should be reassured and boro the importance of the nursing 
profession comes to the fore A cheerful tactful nurse inaj do much to 
combat the anxiet\ of the patient who is suffering from a multitude of 
fears whether he is going to die lose his sight lie deformed or be m 
vnlided out of the service in which ho la serving Good nursing is es'^ntial 
m the treatment of shock. However pnmarv imtwl or immediate shock 
carries a small mortality and accounts at most for onU 2 or 3 per cent of 
the deaths from bums and scalds Statistics however in war time are apt 
to be fallacious bccanso quite frequentU bum casualties ma^ nbo b© 
traffenng from Eracturca or aar aounds which m themselves will increase 
the mortahtA figures Repeated examinations have failed to reveal anv 
abnonnalit\ ui tho blood cbemistr\ 

2 Secondarj ihock — This is responsible for abont 60 per cent of deaths 
from bums and therefore calls for eari^ recognition and prompt and 
adequate treatment "kecondarx shock or collapse as some prefer to call it 
d©^elops ropidlj and manifests itself within two Lours of the mjurr 

Tiie cause of secondary shock although debated in tho past lias now 
been placed on a sound baas It is due parti) to the tremendous destruction 
of protein and absorption of liistamioe bodies from the damaged tissues and 
parti) to the great Iom of plasma from the burnt surface The plasma escapes 
from the blo^ stream on to tlm surface and into the tissue spaces of the 
whole area mvolved in the bum and this mechanism contmues for liours 
unless stopped by proper treatment Although some fluid with its \’alaable 
protein is aotualJ) lost extemalir tho amount is quite smaJi compared with 
that which accumulates m the tissues It is in reabtv a fluid imbalance dne 
to a shift of flmd rather than an external loss It is important to realire 
this because the fluid lost from the blood ves^ls to the tissues can best be 
regamed b) replacing the lost plasma protein If plasma is given mtra 
venonsly it raises the plasma osmotic pressure to a value sufficient to restore 
and maintain the normal distnbution of fluid between the mtravascular and 
mterstitial compartmente Whole blood transfusion is contraindicated 
because it produces corpuscular concentration and the capiUanes become 
blocked with a huge excess of red blood corpuscles Intravenous normal 
saline or sterile water are also contraindicated because the former will onlv 
mcreose the tadema wlule the latter ma) result in a haxaidons lowering of 
the extraceUnlar eloctrol)’tio concentration producing water intoxication 
By animal erpenments it has been shown that this plasma loss is greatest 
in third-degree bums and amounts to over 70 per cent of the total blood 
volume in cases where one-sixth of tho body surface has been burnt 

The result of this plasma loss is a definite fall in the blood pressure 
Tissue fluids deficient in protein pass into the blood vessels m an attempt 
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to mamtam the volume of plasma in circulation however, thrs results in 
a lowermg of the concentration of protem m the plasma There is a higli 
urmarj’^ output of nitrogen due to the destruction of protem 

As the dimmiition of the blood volume is due to loss of plasma there 
mil be a concentration of corpuscles, especiaU}’^ in the peripheral capillaries . 
hence, unless treatment is mstituted circulator}^ failure vill cause the death 
of the patient 

3 Toxaemia — This is a condition of septic mtoxication which tends to 
occur from forty-eight hours to ten daj's after the mjur}^ and is the result 
of absorption of injured cells and tissue m the region of the burn This 
process of septic absorption as it progresses floods the circulation mth its 
products which when the}"^ reach the liver cause some necrosis of the hver 
ceUs Should some bacterial mvasion into the burnt area also take place 
the degree of toxaemia becomes much more marked The chnical picture 
IS veil knovn and consists of a distressed and irritable patient vath a high 
temperature, rapid pulse and complainmg of headache and loss of appetite By 
the time such sjuriptoms have developed the actual burnt area is obviously 
septic and exudes sero-pus This state of affairs should not be seen at the 
present day for it can be prevented by prompt and adequate treatment, 
but m warfare it often happens that bum casas do not receive prompt treat- 
ment and therefore a certam number exhibit acute toxsemia ivhen admitted 
to hospital or hospital ship 

Once the toxemia has gamed a foothold it is difficult to eradicate, and 
if sepsLS IS well marked septicaemia and pyaemia may supervene Duodenal 
ulceration is a rare comphcation of infected bums and it ivas not met vith 
m the navy m the Great War vffien over a thousand cases of grossly infected 
bums vere treated m the naval hospitals and hospital ships 

4 Scarrmg — ^This is really a comphcation which should for the most 
part be preventable It should never occur m bums vith partial skm loss 
but it will occur m extensive total skin-loss bums unless they are skm- 
grafted immediate^ the burnt area ls covered hy granulation tissue If 
bums are allov^ed to become mfected then, there is a danger of scar-tissue 
formation vath rasultmg scarring 

Scarring maj- cause grave depression on the part of the patient and may 
lead to smcide vhde m some cases carcmoma maj’’ develop at the site of 
the scar Treves and Pack of Xev York reported a senes of thirty-four such 
cases m 1930 


TREATMENT OF WAR BURNS 

Tlie first and foremost aim m the treatment of bums is to save hfe Now 
that the patholog}' of bums is on a sound basts it is quite easy to lay dov n 
definite prmciples of treatment and so obtam uniformly good results and a 
marked lov enng of the mortality rate 

The general treatment consists in combatmg shock preventing acute 
toxsemia and sepsis and ehminatmg scarrmg Quite a number of burns 
are preventable by the use of anti-flash protective gear especially m 
gun crevs m the navy The great majonty of var bums mvolve the 
face and hands and m facial burns the ears are often a great problem as 
the thin skm over the pinna is de'^troj'ed leaving the exposed denuded 
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cnrtilage which frequenth becomes infected Anti Ansh gear (see Fig 382) 
consists of long asbestos gloves and an asbestos liolinct which co\’ore the 
head ears neck and dun left\’ing an aperture for the eyes nose and 
mouth Tonsidering the ven largo proportion of bums of the hands and 
face m the Roval Jva\'^ it has been thoiiglit advisable to issue an eiT-shield 
of cellulose acetate and a small mask made of aertox matenal impregnated 
with heat resisting solution This mask covers the noee and lower part 
of the face (Fig 383) and is worn h\ all men who are exposed to liombmg 
and all gun crews Tins protection is ivom over the anti flash gear when the 
“xmeo respirator is not used It is verv simple of small cost and can be 
cnsilj stow^ awo-N Inside a steel helmet 

Treatment ol shook — Probabh liiemoconccntrntion is the enrhest chmeal 
sign of shock It IS a good thing that this manifestation is easilv detected 
and asaeiieed 

A patient m a state of shock from war bums is in need of sue thmgs 
(1) morphia (2) ivarmth (3) fluid to balance 
the great plasma loss (4) reassumneo (3) 
oingen and (0) rest 

Alorplune should bo adnum3tere<l as eoon 
ns possible J and/or ^ gr if the pain is 
severe There scorns to be a totally un 
warranted fear among doctors of ovordosage 
of morphine m tlio treatment of shock On 
manj occasions bodlj burnt pilots hare re- 
ceive 2 gr of morphine m the same number 
of hours and there cannot bo the sbghtest 
doubt that this treatment pIa}*od an im 
|)ortant port m savmg their Uves MorpJttne 
loill nettr L'{{1 a paltent xcho ts tujjcnng settrt 
paxn 

It cannot be ompluumed too often that in 
war bums there is n much greater danger to patients from insuffldont than 
from an excessive dosage of morphine 

The actual amount of raorpUmo administered will depend on the con 
ihtion of the patient but if pain is severe it may be noceasarv m some cases 
to give an mjoction at hourly or half hourly intervals until the pam is rehevod 
Warmth can lie obtained by hot blankets eloctno blankets heated shock 
cradles hot aater bottles hot sweetened drinks and other measures accord 
mg to the circumstances Wherever poaeible the temperature of tlie first 
aid poet resuscitation ward or other place where tho injured patients are 
treated should be 100 F or even higher 

Fluids should be administered hy tlie mouth if possible but this in itself 
is often not sufficient to replace the groat plasma loss from the blood vessels 
therefore mtravenous infusion of pbunna should be given (see Chapter VTI) 
Although there are many wavs m which to estimate the amount of plasma 
reqmred in case* of bum shock it is ewenbal that whatever method is used 
must be simple and oasilv and qmcklj performed Harkins method has 
proved verv valuable where many war bums Lave had to be treated at the 
same time 
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It consists in giving 100 c c of plasma for every point tlie liaematocrit 
IS above the normal of 45 This method ajiphes to adults and involves the 
assumption that the patient’s hsematocnt reading before the injury was normal 
For cluldren the amomit of plasma is calculated jiroportionately according 
to body-weight, ivith the average adult weight of 70 kgm If the plasma 
piotem IS below normal, this method gives too low a value Foi such a case 
an additional 25 per cent of the calculated amoimt of plasma should be 
added for every gramme the piotem level is below 0 0 gm jier 100 c c 

An actual case vail illustrate this method 

Case 2105, 1941 Able seaman burnt from bomb flash j\Iixed burns of 
face, chest and legs (28 per cent of body surface) 

Imtial heematoerit leading after burn=58 
Imtial plasma protem=6 51 gm 

Hajmatocrit reading is 13 points above normal of 45 and plasma protein 
IS above 6 gm , theiefore 1,300 c c jilasma is reqmred and was given with 
a very satisfactory'^ result 

Whole blood transfusion is not indicated in the treatment of shock 
unassouated -mth haemorrhage, because it only hampers the jiatient by 
incieasmg the haemoconcentration which is already present {vide Chapter V) 

Should plasma not be available the best substitute is a 6 per cent gum 
sahne solution 

Adrenal cortical extract may be given intravenously if shock is 
severe, but it must be lemeinbeied that this mode of therapy is still in the 
experimental stage It has been used "mth advantage m the Koyal Navy 
Two cubic centimeties of cortm are given mtravenously and this is repeated 
at four-hourly intervals during the jieriod of shock 

Oxygen is invaluable in aU cases of extensive and severe bmns Nasal 
catheters can be used m the milder cases, and oxygen tents or helmet 
lespiiators m cases where the face and nose are burnt 

As a large numbei of ivai biu’ns involve the face, the helmet respirator 
connected to an oxygen cyhndei has proved invaluable , a high con- 
centration of oxygen has been made available to the patient by this 
means 

For extreme cases the B L B mask (see Chapter IV) should be utilized, 
as it is capable of givmg 90 per cent oxygen 

It has been found that elevation of the feet is a useful temporary emei- 
gency measure in the treatment of shock, but the elevation must not be 
excessive or too piolonged 

Toxsemia and sepsis aie the bugbear of war burns and should be pre- 
vented by prompt coagulation of the burnt area This fact has been foi- 
gotten or has never been reahzed by some medical men The thousands 
of bums which have been treated in the fightmg and civihan medical sei vices 
have proved the real value of the coagulation tlierapy There is no contra- 
indication to its use 

First-aid treatment should be directed to the cure of the imtial shock 
and the prevention of collapse Pam is reheved by^ an injection of morphia, 
and the patient should be leassured that he wiU be aU right, because m so 
inaiiy^ cases theie is an element of fear A cheerfid word here and there 
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works marvels wlien denling with fort\ or fift\ Iwidlx burnt caifees The 
surgeon must ha\o some knowledge of psvcholog3 so that lio can 
distinguish tho patients w-lio require cheering up from 
those who can get along well without it 

A hot sweetened dtink should be given if posaiblc 
and warmth applied until tho burnt area can l»o dealt 
with A shock oogo is very nseful but it must not be too 
lK>t for etcossivo heat ma\ bo harmful to a shocked 
patient 

tho patient has como under the influence of 
morphia it is neecsaarj to expose the burnt areas in ortlor 
that coagulation nla^ be effected and loss of plasma from 
and mto the burnt tissues reatneted 

Tlie clothing is removed and all charred remams of 
clothing aro picked off tho bum with the forceps and 
an\ bllstera opened with scissors Tlie burnt area is 
covered with gentian \iolet jelh (I per cent ) or tnofav 
jelly w hich is a tnple d\ e jelly (gentian violet 1 per cent 
bnlJlant green 0 1 per cent euflovme 0 1 per cent in a 
w^ter soluhlo base) Tlie apphcotion sLonid be bboml 
it IS painleas causes coagulation and produces a soft 
phnble tan Tlicse jollies are put up m 4-or- tubes Tube of gentkn rWrt 
W’hich are suitable for use in a slup tank aurroft or 
flnrt aid post (Fig 3fi4) There are other jelly prejiara fsouot grt 

tions such as tanirnx taunafai and dotto! bnm jell\ 
but they aro not so efficient as those containing the ^ 

aniline arcs 

The H^gioB working at a naval hospital m Abordoen havo found the 
following JolI\ satisfactory It is soothing antiseptic and analgesic — 


Tanmc acid 

20-0 

Proflavine sulphate 

0 1 

Procaine 

2-0 

Pul\ tragacanthie co 

2 0 

GU*ccrine 

10-0 

Distilled water 

ad inO*f> 



FoUle can be used as a first-aid dressing and gives goo<l reaultajin 
bums of minor degree Folllo is a etabibzed water in-oil emulsion and 
is an excellent dressing for burns of the face Its constituents are as 
follows — 


Alcohol 
Benro cable 
Owqulnoline base 
Phenol 
Calcium soap 
Calcium iodide 
Potassium iodide 
Calcium tliiosulphale 


1 4 per cent 

1 3 
0 2 

2 8 
0 30 
n 2.1 

0 14 
0-02 
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The action of foiUe over the burnt areas is to form a soft hut moist 
yellovnsh-hrovm incrustation The calcium soap content contributes to 
this coagulated exudate and serves to provide a protective covermg under 
which epithehalwation can take jilace 

Burns mvolvmg the ej^es and eyehds should be treated with castor oil 
and cocame drops The patient should be transported to a hospital as soon 
as possible Under war conditions it may be several days befoie Service burn 
casualties can be transported to hospital, but civdian cases are usiiall}’^ 
removed under three hours unless an mtensive au raid is m progress 

Hospital treatment — The majority of war burns will have received first- 
aid treatment before amvmg at hospital It makes little difference, how- 
ever, because each and everj'^ case of extensive or severe burns reqiures a 
general anaesthetic and a complete surgical cleansing Biun cases should, 
if possible, be treated in special wards with special nurses to attend them 
iSepsis IS the most serious comphcation , it must be ehrmnated from the 
onset and cross-infection from one patient to another avoided Special 
wards are therefore necessary, and medical officers and nurses must be 
surgically clean and wear sterile masks while dressmg biun cases m the 
wards A general anaesthetic allows the surgeon to make a ver3'^ thorough 
inspection of the burnt area and to examme the patient for other mjunes 
It must alwaj^s be remembered, however, that m some cases burns maj^ be 
comphcated by blast injurj’^ to the lungs and therefore a general inhalation 
anaesthetic maj’’ be dangeroirs For such cases avertm anaesthesia has 
proved most valuable and is not contramdicated m the presence of shock 

In the majont}^ of cases, however, gas and oxygen anaesthesia is the 
best and it does not cause ci’^anosis 

All measures to combat or treat shock having been undertaken, a verv 
thorough cleansmg of the whole of the burnt area is undertaken while the 
jiatient is under general anaesthesia m the operatmg theatre Blood- 
pressure readmgs are taken and the blood exannned for haemo concentration 
Strict aseptic precautions should be observed bj’’ everiffiody m the theatre 
All loose and blistered skm should be cut awav and the edges of the burnt 
area carefullj’^ excised and the whole area covered with a sahne gauze 
pack It IS most important that no antiseptic lotion or ethereal soaps be 
apphed to the denuded area After the sahne pack has been apphed for 
five minutes the area is swabbed or sprayed over witli a 1 per cent aqueous 
solution of gentian violet or an aqueous solution of a triple amhne dye (gentian 
violet 1 400, bnlhant green 1 400, flavme 1 1,000) The whole area is 

then completelj^ dried by means of a current of hot au from an electric hau 
dryer 

FoUoving this a 5 per cent solution of tarmic acid is washed over the 
area and dried This m turn is followed by a wash of 10 per cent silver 
mtrate A firm coagulum forms over the whole of the burnt area If the 
blood exammation mdicates a plasma transfusion this is given while the 
patient is still m the operatmg theatre The patient is returned to bed and 
nursed under a shock cradle, no dressmgs whatsoever being apphed over 
the tan 

As a rule the coagulum should remam adherent from fourteen to sixteen 
davs Anj’^ cracks which appear m the coagulum are hkete places for the 
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ontmnoe of Imctenn nnd tlicreforo nppjicntioiw of gentian \nolet should lie 
made It la ven important to inapect the tanned area even da\ for orncka 
in the congiilum or signs of moiaturc or exudate around tlio c<lgo of the tan 
Tlic^ miLt l>e promptl\ trcntcKl with a solution of gentian nolet \ lack 
of olfc^rvation leadi to much disappointment and the occurrence of sejwis 
For thcho cnaes in winch ae]r»i« la well established imder the tan the onli 
course to adopt is to remove the tan under an nniesthetic and cover the 
whole area with saline iwicks which must bo kept constantlv moist 

There is still too much complacenc\ In the treatment of bnnis much 
ti>o much being left to the nurses and orderlies which is a great pit\ Miould 
the tanned area become soile<l mtli mine or fbeces it should bo cleansetl with 
Home 10 per cent dcttol nnd then dried after which a 1 per cent sointion of 
gentian violet is applied 

For large extensne burns mvoKnng the extremities and the trunk n 
complete saline bath is tJie ideal treatment Tlic patient is slnng m n large 
bath of saline whicli is kept n1 bod\ Icniperaturo h\ means of an electric 
rlieostat and the wiline us oonrtanth eliange<l h\ a meclmmcal rle\ ice 
Tliese Ijnths arc onl\ fitted to a feiv ‘<emcc hospitals but tlio\ do snso the 
h^es of jmtlcnts with ven extensive bums Th© patients find the saline 
Iwths ven soothing the heat cf the bo<l\ is copiyined and ant toxir pro 
ducts are wnnlied ann^ The patients can tolemto four or five lionrs in the 
Imth and this period is increased each da\ \\nien not in the bath tlie burnt 
srens arc covered with tidlc gres (aeo Cliapter \\) Tliw Is a soothing 
dressing which docsi not stick to the humt area and floats off when the 
patient has the next Iwth Tlio intient is nursed m a reversible spinal bed 
such as the He\ Groi-es model ^uch a roversibJo bed allows the patient to 
l»o turned o\er for the apphcation of tho tulle gms ‘xulphanilanude jwwder 
mar be dusted over tlie area prior to tho application of the tulle gms 
Oral adniimstration of sulplianilarnide ii not ncccasan imJcss tho burnt 
area ih septic bccaiuo the jiaticnt reqUTCs a high protein diet with plentx 
of eggs to replace his lo^ plLima protein SaJph nr is also indicated liecaus© 
it must f>e rememberctl that about two thirds of tho bodv sulphur i3 iii the 
skin and eggs form tho l>est rootlKKl of replacing this loss Sulphainlamide 
prohibits tho inclusion of eggs in the diet moreover it frequently makes the 
jmtient vomit thus still further redncing the fluids of the bodv Tonics 
should be presenhed as eoon as the patient wull tolerate them Iron 
and ntamins are indicated, and a form of tome found especiallv useful ts 
metatone a compound made b\ Parke Davia * Co It is ven important to 
advocate a high protein diet m all bad bum cases not ordv to replace the loss 
of plasma ])rotein but also to cox er the tremondoua loss of nitrogen m the urme 
Bums involving partial skm lo«* will heal well under the tan and an 
excellent result can alwaj-s be expected if sepms is ehmmated 

Bums luxolving total skm loro can only heal b^ granulation and b^ a 
process of ingrowths of epithelium from the penphorx of tlio humt area 
‘uah ingrowths if large will alwax-B give nso to rerj thin skin which is liable 
to CTack fissure and to form Leloid scars (Figs 38o and 380) As soon as 
pnnulationa have appeared skm grafting should be undertaken It o«/y 
by the early vie of ahn yrcfting that contractures can be jirttenfetl in extenaire 
toial ahn h$i burn caies As soon as the granulating area is smooth nnd 
■^7 
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level (Fig 387) it should be dusted ovei uith sulphanilamide and slun giafts 
should be placed on the top The grafts are covered vutJi tulle gras and 





Fig 383 

Scamng from cordite burns 


some V ool and a bandage i / W ' . > W 

apphed (Fig 388) The j (•'F- ' , f 

actual technique of skm , ij 

graftmg and the plastic re- / 

pan of contractures and ; j 

scamng due to bums is con- > <* ^ 

sidered in Chapter XIX f M 

It IS essential that there i _ 

sliould be close co-oiieration 
betveen surgeon and plastic 

siugeon in the treatment of Keloid follow mg scalding 

var bums 

Burns oJ the face — A large pioportion of ivar bums occur on tlie face 





Fir 387 


E\ten-ivc tbird-dc'gree burn of forearm treated with triple d\e for ten dajs Fhotofrraph 
taken just prior to skin graftin*; Rote the healthj granulating area 

and m some the et'ehds are involved m the burnt area It is essential to 
prevent 'jep^is in facial burus becau<=e of the danger of erisipelas and the 
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formation of unsightly scam For this raison neither tanmo acid nor 
silver mtrate shonld be used either m the pnmnr} cleansing process or 
snbsequently (Fig 380) There is no danger whatsoever m nsing a gentian 
violet jell} or a triple d\ e jelly as a first aid measure ns either of these jellies 
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are most suitable On admlamoQ to hospital continuous sabne dreeamgs can 
be applied and if there w any suspicion of sepsis sulphamlamide powder 
should be appbed dwlv under a dreeakig of tnlie gras In burns inTolving 
total skin loe on the face early ebn grafting is eesential if scairing is to be 
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poH the facial burn would be very septic. 
Likewise in a tank oi aircraft winch will not 
reach its base for five oi more horns saline 
dressings are valueless 

Coagulation therapy for facial burns has 
been condemned by some, but it is of real value 
m the Services and has proved its worth m the 
present war (Figs 390 to 392) 

In those cases wheie the eyelids have been 
burnt some cod-hver oil should be apphed to 
tlie area tvace a day Wallace and Robson 
have found a paste consisting of 30 per cent, 
albucid (a soluble sulplionamide) and 10 per 
cent cod-livei oil m glyoeiine with equal parts 

of kaohn of value 


Fig 390 

Bomb flasli burn of face one 
hour after injurj' The skm 
of tlio face 18 split by blast 
m many places 


Fio 391 


Same case 


Seven dajs after 
injury 


Pig 392 


Same case bourteen days 


after injury 




facial burns. 

h “- — '.-.-. tTfc J . The paste IS apphed 

on gauze and is 
changed every tliird 
day 

Oliyeios has 
had good results in 
Spam witli an oint- 
ment containing 25 
gm of cod-hver oil, 
100 mtemational 
umts of vitamin A 
and 73 gm of lano- 
lin The facial 
burn is washed 
with sahne and the 
omtment is hber- 
ally apphed and left for eight days The great 
disadvantage of such a method is the very 
disagreeable smell whicli pervades the whole 
ward, and these cases cannot be nursed on a 
balconj'^ 

In those cases whicli can be treated ah 
xnitio in hospital, sahne masks can be used. 
After prelimmary cleansing under anaesthesia, 
a gamgee face mask is made to fit the patient, 
openings being made for the mouth and nose 
The actual burnt area is dusted with sulphona- 
mide powder and covered "with tulle gras 
The face mask is then applied and kept 
continuously moist with sahne 

Burns of the hands — These form a prob- 
lem of their ovm because they are apt to be treated in a manner winch will 
not result in perfect recoverj'^ of function, an essential condition if men are 
to be retained m the fighting forces As a rule, burns of the hand alone aie 
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likely to be le«« Bhockmg than bums recei\e<l 
ebowhcro m the bod\ Verv often the 
hnudfl are toiighoned and are lesB JikeU to 
pam nnd for this rcoson the bums axe likeh 

to bo treated m a tnvinl manner 

Tnnnio add should not bo used m the 
treatment of bums of tho hands because 
the coagulum is ven apt to contract and 
to press on tho \ oscular supply to tho fingers 
leading to necrosis of the terminal phalanges 
(Figa 303 to 30 

ProbabU tho skin of tho hands harbours 
more orgauisnis than other parts of tho 
botlj and it is thereforo most important 
that some antiseptic should be used as a 
first aid dressing 
Gentian nokt jdK or 
triple dre jell} arc 
ttuHable because of 
then- antiseptic pro 
pcrtie* and tire thin 
supple tan that thei 
produce lias no ton 
denc\ ■whotsoover to 
contract If tho case 
can be trcnto<l In hoi 
pital shortb after the 
mjmy tho arcai should 
bethoroughh cleansed 
and washed with 
sahno and then a 
solution of triple dye 
should be applied 
(Fig 300) 

Good results nro albo obtained by 
treatmg tho hand in plaster of Pans 
After cleansing imder amesthcaie the 
whole of tho injured area is covered 
With sulphonamido powder on the top 
of a Inch a layer of tulle gras js 
applied. The hand is placed m the 
position of rest and a light plaster 
put on so that tho wnst is immobiliied 
but the fingers are free inside tho 
plaster Tlie plaster is removed after 
two or three weeks The patient is 
encouraged to move his fingers as much as possible while the hand is m plaster 

In some cases where the bium is extensive and involves considerable 
total skm loss, saline baths can be given tmee or three times a day T\Tien 
the hand is removed from tho bath it is cnrefiilh dned and jwwdored iritli 


CoctmHcd band an 1 IrmLosl 
n«TO»i« of which 

■PX»wf • miarktrw. Trpwtcd 
with tftnnk add. 

F» KM 

of hsad ahovlnx 


Fw 303 

Fifnjalro thifil^JffTM bum of 
haiul vilhtmstmloecToah after 
Iclnn treatixi vHh tanok add. 




A B C 

Condition before treatment, Condition after bbsters -were Condition of hand three 
fihomng extensive bhster for- nipped and the hand treated iieeks after healing nas 
mation from -which h-emoljdic m ith tnple dj’e complete, iiith full 

streptococci -were obtamed functional use 

Fig 396 

Large second-degree bum of hand treated with saline and tnjilo dj^e 


baths in some cases is veiy marked, the baths are soothmg and tlie patient 
can be encouraged to move the fingers 

In aU cases where there is considerable total skm loss, skm grafting 
should be midertaken as soon as possible If the back of the hand has been 
burnt and requires skm graftmg, a whole tluckness graft should be used 
and can usually be obtained from the abdominal wall (Fig 397) Durmg the 

present war there have been 
numerous examples wheie 
sailors have been severe!}- 
burnt by burning oil, steam 
or petrol, due to torpedo 
attack or bombmg, and these 
men have been forced to 
spend anjdhmg up to several 
hours m the sea because then 
ship went down In these 
cases the patients were not 
nearl}' so shocked as the 
medical officers would have 
expected, and the men them- 
selves often speak about the 
absolutelackofpamwhilem the 
sea and its reappearance when 
taken aboard another vessel 

These are practical demonstrations of the value of saline baths 



Fic 397 

Contracted hands UTiole thickness graft on the back 
of right hand 





BUR^8 A^D THEIB TltBAT3IBNT >H> 

Ck)mplictted bunu— Ono of the renl problems of wnr bums is duo to tlio 
fact tliat a Inr^ proi»rtion of tliese cases arc compbcatc<l b^ otiior injuries 
fractUTW \)on\b '^■ouiula etc Under uiich conditions it is essential that 
the ivoimds and bums should bo treated with a solution of tnplo (Utj and 
then cncnswl in plaster of Pans 

The clostKl jilastcr method of treating these complicated bums lias pro\c<l 
inhmblo for it has allowo<l tho enrh transfer of these caaoe from blitted 
areas to some of tho quiotor countr\ hospitals Tho plaster motho<l hafl tho 
merit of nlisoluto rest to tho part itnllowBof casi transport and tho jiationts 
aro free from jiain 

After treatment ol the iWn — Far too httle attention Is paid to tho after 
treatment of tho sUn in bum cases WTien henhiig has taken place tho 
patHint and medical officer are apt to be too keen on discharge from hospital 
Aon skill following a bum is often tbm and strctehod oicr tlio underlying 
ti«8ue<» Tins skin requires nourishment othennso it will crack and become 
fissured irhon keloid formations mai occur Wien healing has taken place 
it IS imiwrtant that tho skin shonld be treated bj tho appUcntion of lanolm 
eacli da\ Tlio amount of lanolin required la small and it should bo geaith 
ma8flage<l into tlvo nttonuated skin for aereral minutes Tho jwiticnt should 
be shown how to do this lumself so that when he e\ontunU\ goes on leave he 
can continue tins treatment at home Lanolin should bo \iae<l each day 
up to three months if good supple skin is to be prodnctKl in bum areas 
over the hands and fingers This is a very simple form of troatraont hut 
it IS tho simple tiiuigs m life tliat are so difficult to inoulcnto into others 
Bj adequate after treatment and repeated monthly inspections tho final 
results of ^va^ bums cun be greatlj improved and iriMiUding of useful 
personnel prevented in tho flghtmg Semcee 

Lnnolin sliould also be maasagod mto the grafted areas when the) liaie 
become inoorpomtcd into the surrounding skin 

A ivord of warning must be given to all patients who Imvo imdergone 
grafting for bums and c»pecialJ\ thoeo in which a whole thickness graft 
has been iiswl Tlio full strengtli of the sun should not bo allowed to fall 
on the grafted area for nn\ length of time otherwise a chronic indolent 
ulcer ma\ occur this Is in fact n bum occurring m tlie graft Tlie patient 
is quite unawnro of tho development of the bum because tho graft is qmto 
insensituo Sovoral such cases have been seen during the present war 
There is a common tendeno amongst the laitv to consider that tlie rays of 
the gun will alwaj-s prove beneficial to the patient no matter what disease 
or condition is under treatment It is essential therefore to warn overv 
patient wlio lias Iiad a skm-graftmg operation not to oxpoao the graft to 
the full blare of the sun 

THE PEEVERTIOH OF BCASEIHa AFTER BDRH8 

Scarring is one of the real problems m war bums liecauso it frequcntl) 
means that tho sailor soldier or airman mav have to lie invalided from the 
Services for this reason alone Among civilians bum scars ma\ cause the 
disruption of happ> family lif© tbo huaband or the wife using this ns an 
excuse for a separation 

^mng cannot Iw jirevonted in deep bums if healing is allow ckI to take 
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place by the gradual mgroudh of epithebum over granulation tissue 
(Fig 398) However, when once the wound is completely covered with. 

granulation tissue skm grafting sliould 
be employed 

Superficial X-ray therapy has 
proved very valuable m the treat- 
ment of early keloids following bums 
This form of therapy should also 
be used after skm grafting if small 
fibrous tissue formation occurs be- 
tween the grafts Two or three 
X-ray treatments cause these fibrous 
bands to melt away. In the navy 
a special superficial X-ray therapy 
umt has been installed m a hospital 
where most of the severe burn cases 
are treated 

CHEMICAL BURNS 

These are not imcommon m modem 
warfare , m fact they are much more 
common m the present war than m 
Pjq the last Such burns result firom strong 

« , . j . . XU 1 1 1 acids and alkahs, and mav be seen as 

Contractures duo to extensive tnird-dcffree bum , ^ ^ i i 

the result of bombing of cJiemieal 
works or Service estabhshments where many accumulators are m use Here, 
agam, it is the face and hands that are geneiaUy burnt, as the clothmg 
protects the rest of the body The burnt surfaces should be thoroughly 
washed m miming water for fully five mmutes H an acid bum occiu’s the 
area should be treated with a solution of sodium bicarbonate, half an oimce 
to a pint of water It an alkah bum presents itself, a weak solution (1 100) 

of citric acid should be applied on Imt and kept moist by the frequent 
addition of some more solution Six hours later the hnt sho^d be removed 
and the face treated with cod-liver oil, while the hands should be tanned with 



a solution of triple dye 

Phosphorus burns — These may occur durmg a bombing raid as some 
bombs may contain phosphoms as an uicendiary fillin g Should any jiarticles 
of such a bomb become embedded m the skm of anyone who happened to 
be close to the scene of the explosion, the particles wdl contmue to burn the 
skm unless rapid action is taken The burnt area should be covered with a 
gauze pad soaked m a 2 per cent solution of copper sulphate The action 
IS to coat the mmute particles of phosphorus with an inert compoimd bj’ 
chemical action If no copper sulphate solution is at hand a watei compress 
should be a < d Oily dressmgs will only aggravate the bum, as phosphoms 
IS readij/ s. ' ods and fats, and therefore on no account should thev 
be lu. - copper sulphate compress is removed the whole aiea 

shoul' - with triple dye (Figs 399 and 400) 

were ven'^ common in the 1914-18 war and they have not 
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osi 


been mJreqnmit in this wnr Tlle^ nmj occur m gtiii turreta and lu tanks 
and occnsionalli in munition ^I'orks. Hie ox 
plosion tflkoa place in n confinwl apace and the 
bums are for the 
most part exten 
ei\c and super/iemi 
and affect the fact 
and lianda (Fig 
401) The burnt 
area ahould bo 
^luilied withsaluio 
and then trcafetl 
\nth tnpio d^o 
Petrol barm — 

These are common 
m all three of the 
flglitJng Services 
Fjo- 3^1 andalsonraoDgtiic Fio,400 

rhewphorm btrm of t«<^ Civflmn popula PticwpicriH barn of IwDtL 

tiou The bums 

arc extenEive and deep owing to the foot that tlie |)etroI soaks mto the 
elothmg and once ahght is difflcuH to extinguish Many of these bums 
arc fatal Rhock is severe and tlio beat form of treatment for extensive 





bnma duo to petrol is a con 
stont saline bath Most of these 
bums cause total skin loss and 
therefore enrlv skm grafting is 
neeoaaarv to prevent seamng 
and contracturee 

Phosgene bnrm— Tlieee are 



Fro 402 

Mo«tAnl>gM bum on a lorry drl\a' 
cuKd 1:7 iOtlmi; 00 * drop of 
tiqnld mutArd OM. Bum occurred 
umngb tbm lAveti of dolbiag 


rarely seen owing to the foot that fatal syncope occura before any treatment 
can be given Tins gas produces a first-degree bum which ahould be 
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Fio 403 

Jlvo/fird /jlmlcr, human forearm, biopsy about tuenty-four hours l^oh- 
morphoniiclear infiltration of blister fluid mcH shown 
{Jill eourtmi/ of Profe$tor O' Tt C'nmeroit 1 



Fio 404 

Lfm*iU blifter, human fortarm, about twcntj-two hours old Edge of blister 
■showing complete and dean separation of epidermis Manj necrotic polj 
morphonuclear leukocj'tes 
(TIv rourtfty of Profetror G P Cameron ) 
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ELECTBICVL BCRN'' 
tn?ated with a solution of sodium bicarbonate pnor to the apphcation of 
^rentmn violet or tnple d\-e 

Mtuttrf bums — These are m a role severe and caUiO irritation to the 
ei-es and to the respirators passages Mustard gas is almost colourie-* and 
i< gencrall\ used m the liquid form eo tliat it viaks into the clothes and 
into the ground from which it evaporates If the liquid is left on clothe^ or 
Iioots It will penetrate m the coniw of a few hours and cause a bum (Fig 
402) A. big blister Is formed bv the separation of the epidermis from the 
underlnng tree skm (Fig 403) The actual bum should be treated with 
nm\l sahc\Iate and n compress contaimng this should be appbed each 
dQ^ to the bum until heahng takes phce If am\l sahr\late i< not at hand 
tnple ds'e jellr will be found Nitisfactora 

IiewWte bomi are rapidlr fatal un/es'« prompt action is taken nsab^rp 
tion from the burnt area is continnous J^iquid lewisite causes an ervthema 
of the skin followed bv vesication (Fig 404) The be^t form of treatment 
IS complete excision followed bv a whole thickness graft If excision i< nor 
possible hidrogen peroxide slionld be liberalli applied to the bnm and 
repeated apphcations must be made 


ELECTTRICAL BURNS 

Electric boms differ from all other bums in that thev result from heat 
generated within the tissues while heat appbed from without is responsible 
for the usual bunu Frequentlv contact with hve wires or other electncalJ\ 
charged metals is estabhihed at more thon one point or at one point nnd 
then IS conducted through the bod\ to the earth 

Tlie resistance offered hr the tissues vanes considerabK Bone offers 
the maximum and skin the next greatest resistance and he«v^ calloused 
skin far more than dehcate looseli textured skin Tendons and hganieuts 
come next Blood is the best conductor m the bodv This is so because 
it 18 a fluid ladened with cellular elements nnd salts 

In civil life electn chums are seen most frequentlv in men working about 
high tensKin wires (1 CKM) to 4 >00 volts or more) and since thev are u«ing 
pliers or other hand instruments the hands are frequentlv the kication of 
imtial contact In war electnfled barbed wire is vet another example of the 
horror of appbed science 


PATHOOEHESIS 

The current is distributed throughout the bodv its path bemg regulated 
parth bv the sixe of the exit contact or contacts The smaller the area of 
contact the greater the local damage Local areas of dehvdrntion desicca 
tion or charring are usuallv observ^ A* the current passes through the 
tissues the cells are destroi-ed ns resistance mounts or dne to the develop- 
ment of steam inthin the tissues there is an actual cookmg which leads to 
a rupture of blood and hmph vessels muscles and even bone Incompleteli 
destroied tissue mav go on to rangrene or raav become quite oedemntous 
vet survive and eventualh undergo extensive fibrosis leading to disabhng 



524 


BURNS AND FROSTBITE 


contractures and deformities Also peripheral nerve, brain and coid damage 
01 destruetion may occui, producing pain oi paralysis or both 

If charring has occurred there is usually little or no absorption, and the 
patient is comfortable and not toxic Howevei, if charring is only a pait 
of the pathological process, and immediate destiuction has involved much 
othei tissue, a profound toxaemia will be observed quickW There vnll be 
a concentration of blood, as shown bj'^ the haematociit leading, oi blood 
count and haemoglobin estimate Often progressive changes have been started 
by the momentar}'^ contact, and for days following the accident they become 
increasingly evident as secondar}'^ necrosis occurs, so that what appeared 
at first to be a superficial or extremely limited destiuction of tissue has nov 
become ividespread On other occasions the victim is bound firmty to the 
charged metal b}'^ a hand and foot, and the maximum and onty resistance 
seems to be at the two points of contact Resistance is extreme and is 
continued foi an indefinite time, until a companion can break the current 
The onl}^ damage, which ma}*- be extensive is limited to the two limbs, but 
complete charring is the rule 


TREATMENT 

All electricall}'- burnt patients should be regarded as potential shock 
cases until observation proves otherwise Only undei the rarest circum- 
stances, if ever, should primar}'^ excision of the burnt area be performed 
Every effort should be made to iireserve the line of demarcation to prevent 
a break at this pomt and to keep it sterile Neuiological examinations are 
indicated, and they should be repeated fiequently Excision of local areas 
of carbonized tissue should be postponed untd granulation tissue has sealed 
or waUed off tendon and joint spaces Visceral damage, electric m origin 
or secondary to toxic substances, must be anticipated, and its appearance 
wiU provide a bizarre group of s\Tnptoms Totally charred limbs may be 
amputated whenever the patient’s general physical condition permits, or 
when specificall^'^ indicated by spreading infection Easciotom}'' maj^ be 
required to decompress oedematous areas, and ganghonectomj'’ may be 
emplo3^ed in late attempts to control pain and to improve circulation 

In brief, conservative treatment A\nll do most foi the patient at first, but 
later highly" specialized and definitive methods maj^ be required to restore 
function 


THE BUNYAN-STANNARD BAG 

ENVELOPE TREATMENT OF BURNS 

The envelope method of treating burns is the result of an attemjit 
to evolve a practical s^'stem of treatment which would satisfy the following 
requirements for heahng in a simple manner under active-service conditions 
These requirements vnre considered to be as follows — 

Immediate — 

(a) The removal of foreign bodies, stale blood clot and mflammator\ 
exudate v ithout trauma 
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(6) The reduction of inflammation and the removal of anj imtant 

(c) The tmnaiidation of altered twsno fluids and the attraction of 
freah blood to the Injured part 

{( 1 ) ^^he^e necessary or desimblo the surgical removal of dead or 
nsolesfl tiaaiic 

(e) The prevention of fluid and wilt loss 

(/) Tlie relief of pain 

Dorlnir healing — 

(а) The retention of a good blood supplj 

(б) The removal of mflammator\ exudate and prodnote of suppurahou 

and necrosis as tho^ form 

(c) Tlie control of hactenal grou-th in the vound and the prevention 
of putrefaction 

((f) The prevention of secondary infection 

(e) The restoration and retention of function as earlj as possible 

(/) The protection of the uxiund from irritation of an\ kmd 

ig) The pro\’ention of pain 

From previous chmeal experience some of the more important properties 
of olectTolptio sodium b>’poohlonte and its supenonty over the chemicflU^ 
pro<luced liypodUontes u-ere rocoguizod and confirmation of tbia was found 
m the work of C^rel and DohoUy and others It was therefore decided to 
employ suitable concentrations of » stock-solution of 1 per cent electrolytic 
sodium hypochlorite containing 10 6 per cent b^ weight of sodium ohlonde 
The dressing consisted of a bag made of speoialJy impr^natod sUk provided 
witli inlets at convement points and scaled to the hmb 

Local treatment is carried out aa follows — 

Sta^ 1 — Surgical removal of burnt tissue as in other methods but 
accompanied by douching of the burnt area with a solution of electrolytic 
sodium hypochlorite 

Sfaffe 2 — ^The application of a suitable envelope or bag 

S/affe 3 — Irrigation irith an appropriate eloctrolytio solution tlince daily 
for twenty minutes until liealing is advanced. 


TECHNIQUE 

Stage 1 — Because eloctrolytio eodiom hypochlorite solution on frtah 
bums does no more than sting in minor burns the administration of morphia 
IS Buffident for the procedure As a rule gas and o xyg on ansestheeia is 
necessary for the s ur gical toilet as in other methods of treating bums 
Waterproof sheeting is so placed below the burnt part as to allow the flow 
of olectroivtio sodium bypoohlonte eolutiou to be collected into a large 
receptacle The solution is kept flowing over the lesion and surroundmg 
parts until the envelope is applied, 

Staee 2 — A suitable envelope is put on (Hg 406) The envelopes are 
made In stock sixes to fit hmbs and other parts 
58 
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TABLE OF CONCENTRATIONS 

Parts of stock solution m tap water 1 per cent electrol 3 i;ic sodium lij'pocblonte 
contaming 16 6 per cent by ■« eight of sodium chlonde, obtained from electro- 
Ijdic ccU or commercially ns “ JLlton ” 


Degree of Burn 

Concentra- 

tion 

Tempera- 

ture 

Duration and 
Frequency 

Notes 

First-degree Burns — 

“ Household ” 

1 2 or full 
strength 

As from 

bottle 

Once for ten to fifteen 
minutes 

Pain and inflamma- 
tion quickh re- 
heved 

Second degree Burns — 
Skin unbroken 

Skin broken 

1 4 to 1 5 

1 lOtol 5 

100° to 110° 

100° 

For tiventj minutes 

For tvent}' minutes 
and dunng anj' 
cleamng or surgical 
aork 

Blisters maj be 
aspirated, then 

filled with 1 20 

E S H and the 
skin pressed flat 
Morphia as indicated 
or bght gas and 
oxygen 

Third-degree Burns — 
Primary 

1 4tol 2 

]00° to 115° 

For a fea minutes 
during resuscita- 
tion and dunng 
the whole penod 
of surgical pre- 
paration 

Durmg the whole 
penod of surgical 
cleansing 

Morphia or hght gas 
and oxygen where 
indicated 

Secondnrj 

1 4to 1 2 

100° to 115° 

Light gas and ox 3 ^gen 



Fio 405 

The envelope method of treatmg bums Note the entrance and exit 
diverticula for irrigations 

Various instruction sheets ^ have been issued of ■which the foUo'wing is 
an example (p 627) 

‘ Irrigntion Envelopes Ltd , 12 Brcwerv Rond, London, X 7 Tclophono Xortli 1060 
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Stage 3 — Irrigations are commenced 

IREIGATIONS 


Degree of Burn 

Concentra 

tion 

Tempera- 

ture 

Dumtion and 
Frequency 

Notes 

Second-degree burns 

1 20 

100 

Twenty minutes 
three tunes a day 

In a feiv cases 
irntation occurs 
and concentration 

Third-degree burns 

1 20 

100 

Twenty minutes 
tlirce limes a day 

should he reduced 
to 1 40 E S H , 
providing irnta- 
tion IS not due 
to inefficient 
cleansing 


Concentration should be mcreased on every third waslung if mflammatoiy 
exudate is excessive or the products of lysis of tlie necrotic tissue are not 
effectively removed Remove envelope after six to seven days, wash m 
electrolytic sodium hypochlorite solution and treat burn as in imtial 
treatment 


RESULTS OF TREATMENT OF BURNS BY THE ENVELOPE METHOD 

The method has been used for over a year It lias been foimd tliat 
providmg the treatment is carried out as recommended, consistently good 
results are obtained even m a Cottage Hospital 

Some of the advantages of the method are as follows — 

Fliud loss is stopped almost immediately, and in most cases pain is 
reheved quicklj'' 

Movement of a burned hmb can be encouraged from the start , this is 
especially valuable m cases of burns of the hand 

The supervention of toxaemia is unusual, for products of tissue breakdown 
are neutrahzed and washed away as they form 

The patients are very comfortable and their morale is high, particular!}'’ 
as they are sociably acceptable to their feUow-patients 

The danger of cross-infection is reduced to the absolute mimmum Under 
this treatment new epithelium grows rapidly and is of excellent quahty , 
in particular the new epithelium over joints is so supple that restriction of 
movement does not occur 

The technique of irrigation is simple and does not entail a strain on 
the nursmg service Nevertheless, it is essential that the nursing staff should 
imderstand the rationale and receive full instruction on the conduct of 
routme irrigations 

Further observations are in progress on the use of the metlioa m casus 
of combined burns and wounds, on severe compound fractures, septic wounds, 
crushes, septic fingers and infected tendon sheaths and various types of 
ulcerations The results are promismg, particularly from the point of the 
comfort of the patient and the early restoration of function 
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FROST-BITE AND TRENCH FOOT 

FROST-BITE 

W HEN the body, as a wliole or in part, is exposed to cold the patho- 
logical effects which ensue are best understood if they are divided 
into two sections, general and local, with the recognition that general 
effects maj'^ follow total or partial exposure and local effects may 
have general ones superimposed 

The maintenance of an a^ipropriate body temperature is a prime necessity 
of aU forms of warm-blooded life, and so efficient are the means adopted 
to this end that ver}'' prolonged exposure to severe cold is necessary before 
the balance between heat production and conservation, and heat loss becomes 
disturbed so that the body temperature falls 

General effects of exposure to cold can be subdivided into two categories 
(1) those which occur when the exposure is not severe enough to lower the 
general tempeiature , (2) those which follow when the body temperatuie 
continuously falls 

In the former group arc placed some of those jllncsscs i\hicli occur chiefly in the Mintei months 
and ’tthich mainly affect the respiratory tract Many of these arc primarily infectii e conditions, and 
nhat part cold plays in their incidence is not sufficiently determined 

In the common mnter cold, for instance, it is possible that the inspiration of cold air renders 
the nasal and other respiratory mucosre less able to witlistand the attack of the invading organisms 
or ^^ruses , in other examples of “ mnter complaints ” there may be some general lowcnng of 
\utality and of resistance to infection, but undoubtedly other factors than cold, t c , lack of sun 
shine and fresh air, here play their part 

When the exposure is so severe that it produces a Jieat debt and the body 
temperature falls, a set of much more urgent and serious symptoms arises 
Accordmg to those who have had an opportunity of observing such cases, 
there is at the onset a loss of energy and a feehng of great fatigue , this is 
often associated with a loss of the normal urge to struggle for life, so that the 
victim resigns himself to his fate When the body temperature falls to about 
68° F there is an overpowering desire to sleep, and coma shortly supervenes 
Those few ivho have survived these experiences state that the sensations 
are not unpleasant Apparently life may be maintained for some time in 
this state, for recoverj'^ has been shown to be possible after several hours’ 
imconsciousness This agrees with observations on animals found “ frozen ” 
which revive when the temperature is raised 

Expenments on animals subjected to scicrc general cold shov that respiration, after an initial 
quickening, slovs and finally ceases, -Hhile at a slightly later penod the heart-beats (\entncular) 
also slov and stop Such animals arc not beyond resuscitation, e\ en after sei eral hours, and may 
be apparentlj unaffected In their expencncc Below a certain temperature the thermal controlling 
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centre*. fkiJ tcul the {ntern»l temperatim* th*t of tho nrrwindJnpN liLe a cold blooded animal 

(pciUWhermie) In aoioe nomldlj- hil-crnatlng Ppcelca there are IndJcatfom of the «me proce** at 
»p»k 


Ejptxurw aa cvtcn«i\c prolongetl and wvcrc as those cniplo\ed in 
animal expenments can anso but mreh m human oxpcnenco but no\crtho 

autlicntic reporta from the rt>ccnt Kiniiiah and Uus'Jinn campaigns reveal 
that largo numbers of men lm\'c been found complcteh frozen and alitular 
records are received of flhipwTcck aurxnvorH e\po<e<I to ic\ cohl wind and sen 
In all these cn-ics it js to be Mi-*|)ecte<l that there ucro iiowerful predisjiosing 
factors at work sinct. it is ucll reeognitctl that lack of food debility Iimmor 
rhage and toxanun from wounds undermine the al)ibt\ of the bodv to 
maintain its normal tcmiicrnturc 

The XTinoua meehnniams b\ which the both attempts to niaintam a 
general temperature compntihlo with full vitaht\ arc all protective of the 
lodindual although not of ncccs.sit\ cqiuilK m> of the exposctl part or region 
Indeed os tho local changes associated with exposure to cold arc studied it 
becomes increasingK obvious that the 1 kk 1\ is often coraiiollcd to sacnfico 
tho local tiwuies in tho cfTorta (t makes to preserve general vitnht\ This is 
possibh a novel conception of tho process Imt tho underlving pnneiplo 
of loeol sacnfico to conserve the whole is one whicli can be apph^ to otlicr 
pathological processes and is of course in complete nceord with biological 
phdosophj lx)th in tho coloiuea of cells which constitute the indiMdual and 
in the larger colonies of indnidiuiU which form tbo fannhe»< tnbes herds 
and other aggrogations of hfo throughout the nnininl ond vegetable world 

These mechanisms \ an lu importance there is ei*cn some endcnco that 
in minor oxixMuros to cohl the reactions are directe<l onl\ to local protochon 
the incident being too irxsigmficani to call tho general means of protection 
into plaj Possibly this is tho real meaning of tho penodio locnl dilatation 
which Lewis has described and which ho attributed to an axon reflex smee 
it remamed after the neno had been divided but not if snfhcnont time had 
elapaeil for the nerve to degenerate pcnplieralh 

Against moro BO\cre* exposurca protechon la achieved in tho following 
ways — 

1 The skin is norraolI> co\ercd with n thin Inver of greasv sebaceous 
matenal which acts as n bad conductor but more important^ tends to 
induce saporcoolmg the benefits of which will be deaenbed later 

2 The subcutaneous fnt imposes another thermal bamer between the 
Biirfaco and tho deep structures 

3 The superficial vessels contract so that lesa blcnxl is dehvered to the 
cold bkin surface ith severe ©xpoeurcs tho deep vessels will subsequentK 
be affected but owing to difHculties of observation it cannot be stated that 
they respond in tho same manner as is well known there is usuall\ a 
reciprocal relatlonslup between the deep and superficial blood supphes 

■i Sweating is reduced or abolished with a corresponding saving of tho 
lieat lose both m secretion and evaporation Related to this is the cooling 
effect of the inspired air which is said to amount to 15 to 25 per cent of tho 
total heat loss Aa already noted m animal experiments respiration is 
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slowed, but in human experience this is unhkely to occur until a late stage 
on account of other factors (such as the rarefied air in mountameering) 

5 In the earher stages, shivering occurs in an attempt to increase heat 
production 

6 Contraction of the pilomotor muscles is obviously a very mmor aid 
to heat conservation in man, although in animals it has this effect by making 
the hairy covermg thicker 

7 There is mcreased heat production m the body generally by several 
means which need not be elaborated here , they include stimulation of the 
adrenals and the thyroid, hberation of glycogen from the hver, etc 

8 It wiU be noted that many of these effects depend upon the sym- 
pathetic nervous system for their de- 
velopment This accords with Cannon’s 
observations upon his S 3 mpatheticaUy 
denervated dogs winch were unable to 
Avithstand cold and became practically 
podalothermic 

The effect of the circulation m dis- 
tnbutmg temperature changes is well 
seen (Tig 407) by comparing the coohng 
curve of the corpse wath that of the 
ansesthetized hving animal The im- 
portance to the body of restriction of 
the superficial circulation by vasocon- 
striction IS thus emphasized 

When an ammal dies as a result of 
severe exposure to cold its condition 
is really one of suspension of amma- 
tion, so that it is not surprising that 
resuscitation should be possible when 
the temperature is raised The plenti- 
ful stones of ammal resuscitation are 
thus confirmed m the laboratory , 
there are, however, certam secondary 
problems w4uch have to be overcome, 
such as the imtial raismg of the blood pressure, which becomes mcreasmgly 
difficult as the age of the ammal increases The body of an ammal which 
has died of cold (provided a certam cntical temperature has not been passed) 
is comparable with an mtemal combustion engme m perfect condition and 
havmg plenty of available fuel which wall never start spontaneously but 
requires an mitial turn of the crankshaft to produce the first explosion In 
the case of animals there is no residual blood pressure durmg the state of 
suspension of animation, and so when thawing out it is necessary to raise 
it artificiaUj'^ m order that the heart may receive its imtial impulses On 
occasions m verj^ young animals the heart has been seen to start spontane- 
ously and recovery has followed without artificial aid It is unlikety, 
however at present that attempts at resuscitation of frozen human beings 
would meet with success, for not only are the techmcal difficulties great but 
m most instances the frozen state has been preceded by such serious pre- 
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Rates of cooling, when exposed to cold, of 
kitten corpse and of hving ansesthetized 
kitten, compared Contmuous hne is corpse, 
broken hne is hving ammal The imtial 
rate of fall is much greater in the hving 
animal owing to superficial circulation of 
the blood. As the circulation slows and fails, 
however, the rates are equalized 
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disposing conditions oa iroimda loss of blood starvation geneml debiLit\ 
etc The general efTects of cold while of great exponniental interest are 
therefore of little practical importance 

Local effects ol cold — The local effects of cold c8peclnlJ^ in times of 
a-nr ha\e been rccognired and studierl for man\ ^■ea^s !Napoleon s surgeon 
Baron Larro^ desenbed the ravages of cold during the lU fated attack on 
^loscow He was the first to recognito the condition a hich is now knoim as 
trench foot and sliowed that it was not extreme cold which a-ns respon 
sible bnt lesser degrees assodatetl Mith wet Again in the “Medical Histon 
of the Cnmean M ar (1 8.i4) it is pointed ont that it ans m cold a-ot n-eather 
that these troubles became prevalent A clear distinction is hero made 
between true frost bite and the gangrene duo to cold and dcbihtj when the 
temperature was Qlwa\8 alx)\*e lero From tliis time to the commencement 
of the last war articles in sirnilar vein appeared as a resnlt of evpenenoes 
m the Tibet "Mission Force and the Balkan wars On the whole however 
the armies engaged In 1914 were unprepared for the great number of cases 
which the special circumstances of static trench warfare produced The 
magmtude of the jiroblem is indicated b^ the fact that no feiver than So 000 
cases are reported in the Official HUton of the War to hare occurred 
m the Bntish Amu alone Thu number would be enormously increosed 
if the figures of the }■ ranch Russian and German armies were added These 
alannmg figures natoralli commanded investigation as a result n large 
number of articles wore v^ntten and a good deal of experuiiental work was 
earned out uhlch increased both our Imowledge of the jwithologr of the 
condition and our ability to suggest methods of prevention and treatment 
Smee no description of the clinical aspects of trench foot and frost bite can 
mean much unless the nnderhing (latliology is understood it is necessan to 
give a bnef 8urve\ of this work which forms the basis of our present know 
ledge and which has been extended m the inter war peno<I with general 
confirmation of the carher findings and with certam important additions 
In IOIj Smith Ritchie and Dawson pubhshed an account of their 
eijicrimental prodnction of a condition closelv reaembhng trench foot bi 
exposing rabbits to wet and cold under vamng circnmstances It moat 
first be noted that they found it difficult to produce anv pathological change 
this should remmd us that great caution and reserve must be exercised m 
companng clmical expenences and oxpenmental work on ammals which 
not only have a pronograde posture but also exceptionally well-developed 
defence raechamsms The conclnsion of these obseners was that the mam 
effect of cold was on the blood vessels which after exjxwure alJoaed 
tremendous transudation upon this the subsequent changes depended 
They also formed the opmion that the effects of i^d wet cold oi-er a Jong 
time Avero different only m degree from those of short exposures to severe 
dry cold A further important point was their demonstration of the bad 
effects of slight constriction bv rubber bands an obsem-ation entireh m 
agreement wrth climeal observation m the trenches 

At this tune while engaged in certam expenments upon the growth of 
tissues in vitro {with an entirely different end m view) I found that individual 
tissues and growths in ttfro appeared to be unaffected oven b\ prolonged 
exposure to cold providuig actual freezing was avoided Thus portions of 
59 
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explanted heart, gro'ttong and pulsatmg vjgorouslj^ %n vitio, could be stored 
at a temperature of 0° C for several daj^s (sometimes for Aveeks) m complete 
inactivity, to resume active grovdh and pulsation Avhen the temperature 
was agam raised to that appropriate for the animal concerned Similarly. 
grovdh occurred more readil 3 '^ in explants obtamed from tissues which had 
been stored for several daj’^s in the ice chest than in those obtained freshty 
from the animal I am informed that the same observation apphes to 
human comeal graftmg — cold-stored grafts take even better than fresh ones 

Bj’' various means the vitahty of these cold-stored explants ivas tested 
and the results shov’^ed that there was no dimmution , they could m no 
waj^ be distmguished from those in which hfe had been maintamed at full 
flow m the incubator In other words, there was true suspension of animation. 
The conclusion was justified that when cells ivere isolated from vascular 
nervous chemical, and phj’-sical influences ivlucli their connection with the 
bodj" normallj' entails thej’- remain unaffected by moderate degrees of cold. 
tSmce trench foot, therefore could not be due to an}’^ direct effect of cold upon 
the cells it must m some waj'- be due to one oi other of these possible influences, 
and as all of them would be verA”^ depressed or totally" abohshed about 
0° C it seemed hkety that the harm was done ehiefl}’’ during the thaAving- 
out penod When the vascular and nervous responses were mvestigated 
m the mtact ammal it was found that diAosion of the somatic or the peri- 
vascular sjmipathetic nerve suppty failed to prevent the effects of exposure — 
indeed m the latter case the manifestations of trench foot AAere even more 
severe than m the controls The vascular experiments AA^ere more productive 
and it quickl}^ became obvious that anj’- means of restnctmg the blood suppty 
durmg the thaw penod was of value 

Local vasoconstnctors of vanous soits were successfullA’’ used and 
ultimately the paradoxical conclusion was reached that frost-bite gangrene 
of the s kin of an animal’s foot could be consistent!}’' prevented by tjnng 
the mam arter}^ to the hmb In human expenments the effects of expen - 
mental frost-bite were often complete!}* abolished by the use of local vaso- 
constnctors (adrenahn, etc.), while m the control areas the skm sloughed and 
left permanent scamng 

In all the successful expenments the vascular transudation Aias absent, 
so that it AA'as clearly this AA'hich, by cuttmg off the blood supply locally, 
led to gangrene That this idea of the patliolog}’" was probable received 
support from the observation that multiple mcisions or punctures which 
alloAAed the exudation to escape also prevented gangrene At the time it 
was beheved that the vascular phenomena were physical in nature, but m 
the hght of LeAATs’ subsequent demonstration of the BE substance it seems 
probable that the effect ls really a chemical one 

CRITICAL TEMPERATURE 

It AAas well knoAA'n that exposures to very severe dry cold could produce 
immediate (or very rapid) death of trssues and it therefore appeared that 
there might be a cntical temperature beyond which tissue recovery Aias 
impossible To determme this tissues groAnng tn vitro were again used 
It was found that exposures to temperatures m the region of - 3° to - 7° C 
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prodnccd immediate de<ith Hus mui the point of aolidlfication of the 
eclltilar protoplnsni (the tiBsue fluid* may frccie at a higher tempomturo) 
and mtimate obacrvution of intracellular structure after such exposures 
showed that the protoplasmic framework was disrupted It ramt be 
emphasixed that the mere expoame of parts of the body to those »e\ore 
degrees of cold does not warrant the assumption that tho tissues themselves 
have reached the critical tomperaturo so rwiponsivo are the protective 
meolianisms and so great is tho insulating power of the tissues A\Tion care 
Was taken to ensure that these temperatures had been surpassed in ammals 
and ID mau death of the particular tissue invnnabl^ occurred This cntiml 
temperature of - to - 7 C was far below that expected from the known 
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Lcnrf portion of <ooUit« curT« of 10 prr cvnL Ritalin In At fiO Bain. 

aoporcoaQiig h diapUjad, foUenmi bjr a alirr riie In the tempCTabire to - 2, 
at wiiHi it moalm wMI* certain pb 7 «ienl ch#n«ra ocror At 78 mtn tbe 
vbole loMi It traoahicrar; utd after OO mhu tb^ b e;rpk)«lre expansion 
which breaks the containing tnbo. ‘Ibe eiratio hehaTioor of the curre here 
b pcobablj doe to direct (Cessnro effects opon the bulb of the tlMmomcter 
The alow rbe after aopercooUng h exj^alned br the that the more fluid 
pbaw of the frl h the dKprree one TUa ahoold br compared with ITg 400 

crystalloid and colloid content of protoplasm but a further senes of in 
vestigationa on the cooling curves of different tissue* showed tJiat tho 
discropanoy was due to the invariable exhibition of the phenomenon of 
supercooling when substances m the colloidal state are froien Somewhat 
similar curves could be obtained from man^ natural colloids such os gelatin 
(Fig 408) the ultra microscopio stnioturo of which was known so that 
rampanug these with tho tissue curves (Fig 409) it beenme possible to 
hazard a guess as to the ultimate etruoturo of the protoplasmic ooDoids 
The fact of supercooling must be rocogmxed in the interpretation of tlie 
offootfl of cold on tissues it is undoubtedly the oiplonation of some of the 
apparently discordant results which different expenmenters have obtained 
Le^ and Love subsequently reached tho very important practical con 
clarion that supercooling may be abolished in atm by Boaking it in water 
or facihtated by leaving tho natural sebaceous secretions intact or by 
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rubbing m oils It is woithy of note that supeicoolnig intioduces a time 
factor into tlie question of clinical frost-bite winch is not revealed in %n 
vitio experiment'^ owing to the small mass of tissue concerned 
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Lover portion of (ooling tiir\c of frcHh rnlibit munclc Suptr- 
cooliiig is displayed between 3 and 11 min vhen tlic temperature 
rcaelies - T Tlien there is a sudden rise to the tlicoretu nl freezing 
point and tlie protoplasmic strueture is disrupted Tins quick rise 
suggests that in muscle jirotoplasm the more fluid pliasc of tlie 
eolloid IS the < ontmuous one, t r , that it is an emulsoid The 
explanation of supercooling rests vilh a studj of molecular phvsits 


I'he effects of true frost-bite, theiefoie, aie determined at the time of 
exposure (not subsequently during the tJiaw as in trench foot) and cannot 
be avoided bj'^ restricting the blood supply or other measures successful in 
trench foot But while this is true, it must be realized that surrounding the 
frost-bitten area is a zone in Avhich the critical temperature has not been 
surpassed, and that this region, usually of much greater extent and mass 
than the frost-bitten area, xvill display all the phenomena of transudation, 
etc , upon thawing Clinically this violent reaction may complete]}^ mask 
the tissue destruction due to actual frost-bite 

A study of the survival periods of living tissues at different tempeiatuies 
(Fig 411) will help to complete and explain the pathological picture This 
curve was obtained from experiments upon isolated tissues growing xn 
viho one of it*- most interesting features is the depiession between 25° and 
10° C The probable explanation is that metabolism is a two-sided process 
consisting of a building up (anabolism) and a breaking down (katabohsm) 
The former, being absorptive of energy, will naturall 3 ^ cease earlier with 
fall of temperature than the latter, which gives out energy As long as the 
temperature is above a certain limit life proceeds almost indefinitely, but as 
the temperature falls anabolism ceases before katabohsm, so that the period 
of survival is limited At loAvei temperatures still, katabohsm also ceases 
and the survival period increases until from just above zero down to the 
critical temperature life can be conserved for long periods again When 
an exposed area is cooling this dangerous tempeiature zone must be travel sed. 
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nnd ngniii in tlie rovorse direction <ind iiKimlU for a shorter time (luniig tlie 
timu The tone bcU-ccn 2t nnd 10 C w thus passed through tT\Tcc the 
katabohe products then hl>cmte<t (metabolites) accumulate m the tissue 
sjwccs omng to tiio vnsculnr occlumon and arc rcsiwnsible for the sub 
sequent tmnsudntion It will bo seen that this concejition fits m entiroh 
UTth Lewns work on the H substnneo nnd it would suggest that if thi£> 
rone could l>e tTn\cn*c<i qiiickh there would Ikj less motnbolitcs to necumu 
late Tlicre is some exjKninentnl snp|»rt for this idea hut it is not \“et 
pro\ e<l 

Tlie histological changes in frost bite of tlio two degrees uere obhcrved 
h\ RKlipIcr m 1000 nnd b\ Smith Ritchie Dawson and others There 
iras dilatation of the small vessels with swelling of the intima and some 
vRCTiolation of the muscle fibres of the mc<Iin but no thrombosis Tlie mom 
effects ucre cvidenth upon the \c»olfl all the other cbnngee seen mucIi as 
swelling and disintegration of fibrous tissues etc wore to lie eccplainod bi 
the tremendous ovuflation from the ves>^Is ^me workers recorded 
thromlxMis but in these cases the critical temperature lind posaihK been 
IwsNcd 

Eviwnniontal uork such ns that doacnbeil is of nocawit\ somoulint 
academic the handling and provontion of cases of frost bite can l>o logical 
however onJ\ if founded ujion wnind pathological principles Thetto ma\ 
be summanied as follows — 

1 Dou n to the critical tom|>cmture cold has no effect upon the indi\ idual 
cells of nn\ tissue hut m consoquenc© of tho retention of metabolites a 
violent ^nfloula^ response occurs during tho thau wlnoh loads to oxccssiv© 
transudation of fluid from tho vessels Tins inn\ bo under proesitro suffldonth 
great to obstnict tlio blocKl mippl> cnpecmlh to the superficial tiamies 
skin etc and lead to gangrene In lessor ilcgreca tho tmnuudation which 
contains fibrinogen ends in fibrosis of (bo skin and subcutaneous tiasuee 
with pcnnnnent Imnloning and loss of eln«ticit\ and inth constnotion of 
blood ^cssel8 which renders tho \ootira jirono to all tho manifestations of 
imperfect blood supply 

2 The critical tempemture opiicnrs (o bo In the region of -> to -7 C 
it is not absolutol} constant on mg to the displaj of siijiercoohng The 
external temperature neceasarj to bnng alwut reduction of the tissue to 
the cntical tomjioTOture will of course 1)© ijuich lower and will depend upon 
other climatic conditions such as wind etc Rarely will the exposure be 
severe enough to affect more tJmn the superficial structures skin etc the 
deeper jmrts being protected b\ the heat of the bodi tho poor conduction 
through the fattj la>er and the slowness of supercoolmg Nor is mere 
solidification of a part sufiicieat evidence that the cells have also eohdified 
for it is probable tlint the tiasiio fluids between the cells frceie at a higher 
temperature than the colloidal protoplasm 

Beloa the cntical temperature coUular life is dei!tro\*ed and no recover! 
ifc possible In practice the effects of true frost bite are usimlh ver! limited, 
m evtent and are often oompletoU masked bt the reaction ocenmng in the 
Borrounding parts a Inch have not been below the critical temiiorature 
Tn passing It maj be noted that in cortam modified forms i e the inspisaatetl 
state of the spores of bacteria protoplasm will withstand much lower 
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tempeiatuies than those here mentioned , winch applj^ only to the 
succulent hving cells of warm-blooded animals 

3 Experimentally the effects of the changes desciibed in (1) can he 
prevented by restricting the blood supply to the part and to a lessei degree 
by drawing off the transudation as it occurs The effects of true frost-bite 
(2) are determined at the time of exposure and thus cannot be avoided 
During the 1914-18 war many theories weie advanced to account foi 
trench foot Some observers believed it to be infective, due to bacteiia oi 
fungi, others to changes similar to acidosis, or to the effects of watei It 
IS now geneially agreed that cold is the piimaiy factor and that any otheis 
are purely subsidiarj'^ 


DETERMINING CONDITIONS 

The conditions under which the effects of exposme to cold aie hkety 
to be encountered are very varied For special leasons mihtary undei- 
takings are particularly hable to suffer, especially in certain regions and at 
certain seasons Mention has already been made of the devastatmg effects 
of cold upon Napoleon’s armies m then maich to and from Moscow , the 
records of the Crimean War give ample accounts of its incidence there, and 
there were an enormous number of cases during tlie last Great Wai It 
should not be overlooked that similar conditions occur in sea waifaie 
mainly among shipwrecked men, and in aerial waifare Polar expeditions 
and mountaineermg exploits add to the possible circumstances but the 
conditions are, of course, constantly met \Vith in those parts of the world 
where the temjieratures reach exceptionally low levels, such as »Sibeiia and 
Canada 

The reasons why mihtary operations are so impoitant in this resjiect aie 
(a) the large number of men involved, (b) the general circumstances of waifaie 
in which efficient preventive measures become difficult and sometim&s 
impossible to apply, and in particular the special conditions of static tiench 
Avarfare, from which the term “ trench foot ” arose 


TRUE FROST-BITE 

There are natuially many fewei victims of this foim than of tiench foot, 
and the parts affected are different At the temperatures at which true 
ffost-bite occurs all water has been converted to ice and so the sunoundings 
are completely dry Those parts of the body which are normally clothed, 
including the feet, are thus largely protected, but the hands, face, nose and 
ears are frequently involved Raymond Greene, whose experiences on the 
Kamet and Everest expeditions were umque, thus desciibes the onset 
“ Sudden frost-bite develops in exceptionally cold weathei, especially in a 
high Wind or when exposed skin is brought into contact with cold metal 
A sting hke that of a wasp is usually felt, but sometimes it is painless The 
skin is Avhite and crystaUine If it is observed at once and a waim hand 
clapped on it, no harm may be done During thawing a red aiea appeals 
around the frozen patch which gradually invades it The surroundings 
gradually return to normal, leaving the patch red and sharpty defined 
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•^Iiorth afterB-ardj itching and awelhng Iwgin The Bbeal nla^ take mnn^ 
hour^ to eubjrido or bllirtenng nia\ follow and even deep gangrene of the 
skin Cradual frost bite ma\ occur on exposed akin or on ■well*cIothed 
iM\rt>. Til© burning sensation of ertremo cold dies awa\ and a pleasant 
nuinbnees takes its place At this stage the akin nia\ appear normal or 
niai be wliito and waxj If freezing continues tliero is deatniction of tiasue 
blowl vessels give ivni cedema and htcinoixliages doielop and the vitalitv 
of the tissues is dcstro^-ed — a course of eicnts 
which mai occnsionalU l>o dela\e<l b\ cold so 
ertrome that tlie normal contour of the part is 
preijcrTcd as in marble A frost bitten hand 
mai have procisclv the appearance of a hand 
in winch the main artenea liavo been blocked 
b\ cmbolmn 

It must again be oniphasized that usnallv 
onl\ the most anperflclnl tissues have passed 
tlie cntical temperature and so the permanent 
loss of substance b\ direct efToct of cold is 
ver 3 hraited in deptli The deeper structures 
have however bwn subjected to sulTicieut 
depression of temporattms to produce tlie 
great transudation associated with chilling 
(i e trench foot conditions) Unless con 
trolled this irill cause furtlier tissue Iosh on 
thawing In severe caeca the transudation is 
hwmorrbagic the whole region becorniniz deep 

purple in colour alth blood filled blisters and blebs Dnnng the 
recover} stage the dead tissue in the absence of infection becomes dn 
and black and slowU separates l>\ the formation of a hno of demarca 
tion If onh the skin is aHectixl this dn scab acts like the coagulnm of a 
bum treated b\ tannic aad it is often eur|)nsing how much opithehahra 
tion can occur beneath it The parts whlcli reco\*or remain swollen for a 
considerable time and there w obvious evidence of fibrosis and loss of 
ebistlciti There is gcneralli a Jong lasting disturbance of sensation in the 
form of anrosthesia pancwthesia and h\Tierie 0 the«ia In the digits nail 
growth IS interfered with the nail is usuall\ lost and is replaced bv a i>er 
maiienth deformed one From the point of view of prognosis it is well 
to bear in mind that the frost bitten part looks worse than it realJv is 

PBEVEKnOK OF FEOST BITE 

The prevention of true frost bite has been learned m the hard school of 
practical experience in the vanous polar and mountaineering expeditions 
of the past and also from a stud} of the methods umversall} practised bi 
dwellers in Arctic regions Esquimaux etc The clothing should be in as 
mftn\ layers as possible and made of a beat retaining matenal wool 
despite certain artificial substitutes being still the best To retaui the 
la\-erB of air thus unpnsoned it is essential to counteract the effects of wind 
for whereas an external tempemture of - 4 T* C will mdnee frost bite in a 
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high Wind, tempeiatuies well below the eritieal point, i e , - 13 ° C , may 
be reached without effect when the air is still (Brahdy) This is achieved 
by an outer layer of impervious material sufficientl}'^ robust to withstand 
wear, but light and flexible, to avoid embarrassment to the weaier Leathei 
IS suitable (hence the fur-hned coat) but rather clumsy , other vund-proof 
materials, such as GienfeU cloth, proved very satisfactory on the Himala3^an 
expeditions Clothing must not be tight — particularly does this appty to 
socks and boots Gloves and helmets should have the same characteristics, 
the former being slung round the neck so that the hands can be readil}^ 
removed for essential pui poses and as easily reinserted For long the 
belief hhs been held that oiling the skin was a good preventive measure 
It can scarcely be believed that sueh a thin film of oil can have much effect 
in insulating the tissues thermaUj'^, although some tests earned out m the 
last war, m which the legs and feet were exposed for an hour to cold water 
while the general bod^’’ temperature was recorded, sliowed a fall of 1 4 ° F 
for bare legs but only 0 2 ° F when the legs and feet were well rubbed -with 
oil (Yarrow) Lewis’ observation that oihng the skin helped to induce 
supercoohng, however, indicates that for severer exposures the method 
may be really protective In this case the oil probabl}'^ acts m the same way 
as the oily film often used in the laboratory to cover a fluid in which it is 
desired to display supercooling It is stated that ammal or fish oils or 
semi-sohds, such as vasehn, are better than vegetable oils , as is well known, 
whale oil is one of the favourites This vail be fuither considered under 
Trench Foot 

General debihty and malnutrition were correctly recogmzed as pie- 
disposmg factors as early as the Crimean War Often debihty is associated 
with a vitamin deficiency, especiallj’- of C, as in the Scott Antarctic Expedi- 
tion These are pomts which must not be overlooked in considering 
prevention (see “ Trench Foot,” later) 

TREATMENT 

The treatment of true frost-bite commences with the thawing of the 
part , this must be carried out slowly and gentl}'' The means of thawing 
should be kept only shghtly above the temperature of the frozen part and 
progressivel}'^ raised in temperature just ahead of the reviving tissues 
In manj^ cases aU that is needed is protection from further cold, the heat 
of the body itself being allowed to thaw the part out slowl^^ Greene stresses 
that there should be no rubbing, for “ the skm of a frost-bitten hmb is in a 
most dehcate state, and the gentlest rubbing may well destroj'^ its chance 
of survival ” He also believes (anyhow in mountaineering experiences) 
that anoxaemia is an imxiortant contributing factor, and advocates tlie 
administration of ox3'^gen during recovery Whether this factor is equal]3’’ 
important at lower altitudes is not 3’'et known 

The mildest cases, after a reactionar3'^ period, may recovei almost com- 
pletel3q perhaps with some superficial desquamation and transient disturb- 
ances of sensation In seveier cases the surface layers are alread}^ destro3^ed 
to a var3ung dejith and mil ultimatel3’^ separate and come aAva3’- The problem 
of the reconstitution of the skin is now similar to that occurring in bums 



FROST BITE AXD TBBNOII FOOT 


541 


^Vhe^o islets of epithclimn glands imir foUiotes oto roraam alive extension 
of opitbohum takes place iinder the dead layer fonmng a now but structurally 
modified skin. In still more severe instances t!io process involves the deep 
tissues, leaving a raw area which will nltimatol} reqiure alon grafting or 
amputation depending upon its site The terminal phalanges are particularly 
h'kelj to suffer eoicreh and raaj finally undergo spontaneous amputation 
The treatment of t^ieso lesions is not peculiar to frost-bite once the penod 
of thaw has passed but is conduoteil upon tho general pnnoiplee apphed to 
bums etc bccondarj infections aro not uncommon and tetanus is stated 
to fulminate m frost bite and trench foot so that antiserum must bo used 
prophjlaoticallj WHicn tissue loss has been considerable tho subsequent 
measures to restore function or nppenmnee are earned out according to well 
established orthoprwlic and plastic principles but it is well to remember 
that tho parts surrounding tho lost tissue have themselves been subjected to 
severe cold and in consoquonco tho> form poor niatonnl for the fashioning 
of flaps and are liable to delaixid healing eas} infootion and even further 
gangrene A good time sliould thoroforo elapse before such secondary 
operations are undertaken and even moans must be taken to improve the 
condition of tho tissues in tho intorml 

THENCE FOOT 

As m true frost bite the essence of provontion is to avoid undue cliilUng 
of tho tissues but lioro we have tho ndditioual factor of wet to contend with 
since the provocative toraperatnro IS round about but not below the freesmg 
point Water is a good thermal conductor so that if it is m direct contact 
witli the akin it will bo almost impossible to provont such local boat loss as 
will reduce tho tomporature dRngorou8l\ It is necessary therefore not 
only to isolate tho part thermally as in true frost-bite but also to render 
tho whole waterproof As the name implies tJie state of trenoli foot is 
almost limited to tho feet although the eiponmental studiee have shown 
that a similar condition exists lu tho tissues surrounding a region of true 
frost bite The wearing of long waterproof boots eitonding well above the 
level of the water or slush and large enough to accommodate two or more 
pairs of socks or stockings is obviouslj required Leather if kept well 
oiled 18 waterproof but rubber boots require lees cere and aro more 
economical so tliat gum boots aro now unrveraally used for this purpoee 
The oiled silk stockings suggested by IM16piiio m the last war proved to 
be difficult to manufacture properij and to have very poor wearing 
properties All watertight materials alao retain perspiration and if this be 
oiceemve will defeat their object but m the Btatdo conditions of trench 
warfare sweating is unlikely to be oxceasive except in those few who normally 
suffer from hvperldrosiB The boots however should not be used for march 
mg and like the socks should bo quite dry when issued Obviously socks 
must be changed before they become wot and sodden being replaced by 
frah dry onee For the shipwrecked it is suggested that dry socks might 
be stored m sealed canisters carried in the hfeboats Socks wet with sea 
^ter are notonoualy difficult to drj by such expedients as placing them 
inside the clothing of the wearer When possible trenchee are to be kept 
6o 
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dry by drainage , alternative^, the men can be provided ivitli platforms, 
duck-boards, etc , to keep them above the Vater-hne This is particularlj’- 
important when cold periods are followed by intermittent thaWs Smce 
venous congestion and stagnation piedispose, attempts must be made to 
avoid these , men should not rest \nth the feet dependant, and especially 
ovei the edge of a seat or fire-step , movements of the limbs are to be 
encouraged, and aU tight clothing, such as puttees, prohibited The 
relationship of heavy smoking to peripheral vascular spasm has been 
challenged lecently, but it appeals piobable that there is such an effect m 
certain uidividuals, and that in consequence smoking is undesirable Pro- 
vided the hmb is dr 3 '- within its covermgs, alcohol as a peripheral vaso- 
dilatoi would not seem to be contramdicated, but if the foot is wet the 
heat loss is accelerated, and once the condition has arisen vasodilators are 
defimtelj'^ contramdicated 

To maintain the general heat of the bodj’^ the food should be ample and 
of good calorific value It should consist of a sufficiencj'^ of carboh 5 ’^drate to 
provide a readj'^ and easy source of heat, and of fat to maintain the fuel 
suppl}^ when the carbohydrate is exhausted The high fat content of the 
foods which dwellers in Arctic regions, e g , the Esqmmaux, have learned to 
consume has its obvious imphcations, and these have been followed in many 
polar and mountameermg expeditions with great advantage The vitamm 
content of the food requires attention, for, as shown above, an adequate 
supply of C IS essential Possibty the A and P (if this be considered a separate 
entity) vitanuns also plaj'- their part in prevention Except in the case of 
aviators artificial sources of heat, electrical clothing, chemical heaters, etc , 
are of course impracticable 

In cold trench warfare foot driUs should be estabhslied and carried out 
at least daty Working in pairs, each man removes his mate’s boots and 
socks, and aftei waslung the feet, when desirable (although this must not be 
thorough enough to remove the natural grease of the skm), they are in- 
spected for minor abrasions or the first signs of any colour change or swelling 
The feet are then gently rubbed -with whale oil mitd good absorption has 
occurred, and clean dry socks and dry boots aie again donned It is stated 
that the quantity of oil thus needed is about 10 gals a day per battahon 

There is no doubt that by the adoption of such measures the majority 
of cases of trench foot can be avoided, but on occasions conditions may be 
so difficult that prevention proves impossible Wounded men, especially 
those who have lost blood, are particularly liable to attack, so that, if 
feasible, thej'’ should be removed from the provocative conditions as soon 
as possible 

Chnical course — The onset of trench foot is not always recogmzed bj'^ the 
victim, for although the imtial exposure may produce uncomfortable sensa- 
tions of coldness on the surface, as the deeper tissues are chilled the nerves 
are involved and the parts become relatively insensitive This is not alwaj^s 
the case, however, and some complain of great discomfort throughout The 
pain of chiUing is not to be compared m mtensity with that of the sub- 
sequent thaw In this numb state small traumata, which may have serious 
consequences later, will pass unnoticed — an additional reason for regular 
foot inspections With a rise in the temperature, or removal from the 
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catl8^ltl^’© conditiona when a spell of diit^ u over the first signs of the trouble 
reveal thcmselvea m swelling with n du*k\ blue pallor followed later b\ an 
intense flusli This is the stage of maximum pain and also the stage at which 
most harm can be done bj wrongful handling of the case If of slight seventy 
the BTioUing persists for several davB and then commences to subside inth 
a concturent cluinge of the colour to normal The surface labors of the 
epidermis desquamate and peel off jwiwcflthesire are complained of and 
ma\ reniam for a time In severer cases the swelling is more marker! so 
that the whole foot ma\ rescmblo o shapoleas pudding blisters form and 
especially In pressure areas i»rtiona of the skin become gangrenous to 
the umnitiaterl it appears that the whole foot is doomed These cases are so 
prone to secondare infection that in the last uar it was thought In some 
that the condition iras pnrnanK an infective one In particular fungoid 
organisms were laolaterl {Ra\Tnond and Pansot) both from the tissues and 
the mud of the trenches but all ty-pcs of secondan infecting organisms 
could be found if the case did not come under coutrol until a surfaco lesion 
was already present Such secondary infections often ha\o a great inflnence 
on the outcome of the case In the nhsenc© of complications a foot in this 
condition ma\ ultimateh recover after a prokmgerl penod and uith some 
sniierficial loss of skin 

In the most severe cases the foot rapidly becomes a dark blue colour 
and swelhng extends upa'anls to the leg One or more toes may become 
black and gangrenous In cases of immersion foot the circumstances 
of production water logged boats etc are likely to persist for much 
longer penods than the oxiiosnre* in trench warfare In consequence the 
deeper tlamea are involved and the subsequent gangrene affects the wliole 
foot Amputation through the leg is thus a common result and as the 
condition IS almost alwa\’8 bilateral both feet ma\ be lost Even so it must 
be recalled that the condition looks worse than it is for if the foot is wived 
it 18 often found that the gangrene of the toes is only skin deop and that 
the deeper structures are still nhvo I\lien the gangrenous portions separate 
the raw areas remaimng arc comparable with those left after a bom of 
coTTCsponding seventy and need similar treatment Severe cases all reqmre 
A very long time for rocovery wliiob is frequently incomplete Thus some 
anjesthesia or panosthesite mav remain permanently the skin is sclerotic 
white with telangiectases bore and there and prono to break down xmder 
nunimnl stress Alovcments of Joints are restricted and the subcutaneons 
tissues are thin and melastio The circulation continues to be ver\ poor 
v.ath a greatly increased senativily to cold Owing to the increased bus 
ceptibility which one attack produces (negative local immunity) even the 
milder cases are unfitted to withstand similar conditions on a second occasion 
The occurrence of secondary infection In the earher stages nsnallv lends to a 
particularly virulent and widespread inflammation which often necessitates 
the sacrifice of parts otherwise capable of recovery 

TREATMENT 

If a man is known to have been exposed to the provocative con 
ditiona the greatcet of care must be taken during the thaw penod It is 
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dry by drainage , alternatively, the men can be provided ^vltll platforms, 
duck-boards, etc , to keep them above the water-hne This is particular!}'- 
important when cold periods are followed by mternuttent thaw's Since 
venous congestion and stagnation predispose, attempts must be made to 
avoid these , men should not rest -with the feet dejiendant, and especiall}’- 
ovei the edge of a seat oi fire-step , movements of the limbs are to be 
encouraged, and all tight clothing, such as puttees, prohibited The 
relationship of heavy smoking to peripheial vasculai spasm has been 
challenged recently, but it appears probable that there is such an effect in 
certain individuals, and that m consequence smoking is undesirable Pro- 
vided the hmb is dry within its coveimgs, alcohol as a peripheral vaso- 
dilatoi would not seem to be contraindicated, but if the foot is wet the 
heat loss is accelerated, and once the condition has arisen vasodilators are 
defimtely contraindicated 

To maintain the general heat of the body the food should be ample and 
of good calorific value It should consist of a sufficienc}’^ of carbohydrate to 
provide a ready and easy source of heat, and of fat to maintain the fuel 
supply when the carbohydrate is exhausted The high fat content of the 
foods which dwellers in Arctic regions, e g , the Esqmmaux, have learned to 
consume has its obvious imphcations, and these have been followed m many 
polar and mountaineering expeditions with great advantage The vitaimn 
content of the food requires attention, for, as shown above, an adequate 
supply of C is essential Possibly the A and P (if this be considered a separate 
entity) vitamms also play their part in prevention Except m the case of 
aviators artificial sources of heat, electrical clothing, chemical heaters, etc , 
are of course impracticable 

In cold trench warfare foot driUs should be estabhshed and earned out 
at least dailj’- Working in pairs, each man removes his mate’s boots and 
socks, and aftei washing the feet, when desirable (although tlus must not be 
thorough enough to remove the natural grease of the skm), they are in- 
spected for minor abrasions or the first signs of any colour change or sweUmg 
The feet are then gently rubbed with whale oil mitil good absorption has 
occurred, and clean dry socks and dry boots are again donned It is stated 
that the quantity of oil thus needed is about 10 gals a day pei battahon 

There is no doubt that by the adoption of such measures the majority 
of cases of trench foot can be avoided, but on occasions conditions may be 
so difficult that prevention proves impossible Wounded men, especially 
those who have lost blood, are particularly liable to attack, so that, if 
feasible, they should be removed from the provocative conditions as soon 
as possible 

Chnical course — The onset of trench foot is not always recogmzed b}^ the 
victim, for although the imtial exposure may produce uncomfortable sensa- 
tions of coldness on the surface, as the deeper tissues are chilled the nerves 
are involved and the parts become relatively insensitive This is not alwaj's 
the case, however, and some complam of great discomfort throughout The 
pain of chiUing is not to be compared m mtensity -with that of the sub- 
sequent thaw In this numb state small traumata, which may have serious 
consequences later, will pass unnoticed — an additional reason for regular 
foot inspections With a rise in the temperature, or removal from the 
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impoanblo it h better to keep the feet cold until such measurea are availablo 
It has alread\ been mLntione<l that antitctaiuc soniin is advisable for those 
who have not rccci\ed ncti\e nnmunlwition 

^Vhen the thaw is conipleto and tho patient is imdor control in hospital 
other measures ma^ 1x3 us«l m an attempt to limit further oTudntion thus 
the fluid Intake is restricted h\T»rtonic solutions either i>er rectum or 
mtravenouflU and diuretics oven tho mcrounnla ma} all ho utihied If on 
careful observation it is thouglit that the pressure in the tissues is jeopardlx 
ing tho blood supply several dorsal incisions can bo made this must not be 
attempted unless asepsis can bo guaranteed for wo have alrcndv noted how 
prone to infection tho <lamngc<I tissues are Even when no incisions are 
contemplateil it is ns well to render tho foot as surgicalli clean as possible 
forbbsten cracks etc ma\ subsequontli fonn portals of entry for organisms 
Cleaning with meth\latod ether followed bv flavine is tho method usnallv 
adopted although tho d^o tends to olisoiiro tho colour changes which must 
be kept under observation biniodido of mercury in spint is a good sub- 
stitute but otlier colourless antiseptics ma\ be used If areas of skin or 
parts of digits become dcnmtcl\ gnngronons ovpoctant treatment is projier 
for tho damage is commonli supcrhcinl and in tho absence of infection 
can be dealt With at a later stage After sucli areas have soparated leavings 
raw surface this is treated on the same lines ns a bum in tho corresponding 
stage Skin grafting mR\ bo necessarj but the grafts often fad to take on 
tho dcvitahi^ and somewhat ischiemic bed 

If there be no infection amputation of tho whole foot is rarelv required 
(see howo^cr p 543) but the loss of one or more toes is a not uncommon 
result When tho initial stages have passed and tlie foot has healed the 
further problem of tlw after-cCfeots ansea for tho flbnnoiis orudnte under 
goes orgamxation and so the whole skm becomes ngid and inelastio the 
subcutaneous tissues atrophy the vessels are constnoted and mtraneural 
fibrosis produces parffisthoeiro etc ‘'uch conditions are treated bj vanous 
forms of physiotherapy which neod not bo detailed here It maj he pointed 
out that In tho past some arabiguitj has nnsen on account of the great 
difference m tho methods of treatment employed m the acute stages and 
in the subsequent effects tlius forms of heat treatment infra red radiant 
heat etc which are of valne in the late stage are deflmtelv harmful if apphed 
in the acute period Another example of this ambigmtj is tho apphoation 
of sympathectomy to these cases Elxpenmental work clearly shows that 
anything which mcreasos tho blood suppK in tho early stages is to b© 
avoided and sympathetic denervation certainly does this despite the fact 
that the capillary lumen is diminished Thus penartenal and other 
sympathectomies in animals not only failed to prevent the swelling and 
gangrene induced by cold but in some instances actually made tho condition 
more extensive than in the controls Good results have nevertheless been 
claimed for sympathectomies especially by French surgeons oven in the 
acute stages It would be wise to limit its application to a few carefully 
selected case* m the late fibrotio stage it will then be found of undoubted 
value 

still amputation of stiff contracted toes may be required and 
special pads and boots are often neoessarv to relieve pressure on areas which 
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almost traditional knowledge that great heat should he avoided and that 
the thaw should be as gentle as possible Strangely enough, Greene records 
that this tradition did not extend to the Tibetans on the Everest Expedition, 
who had to be forcibly restrained from roastmg or boiling their frost-bitten 
feet Unfortunately, it is not possible to laj'- down dogmatic rules owing to 
the tremendous variation of circumstance and of individual reaction As 
the circulation returns and the capillaries dilate, exudation is bound to 
occur, but it would appeal that the more gradual transudation of a gentle 
thaw allows time for some accommodation, while a rapid transudation 
might produce such local pressure as would determme necrosis At the same 
time, the curve shown in Eig 411 indicates that in the vicimty of 15° C 
metabohtes may be at their maximum rate of production and therefore 
that tins temperature zone should be passed through fairly quickly The 

real difficulty is that degrees 
of surface heat which would 
cause the deeper tissues to 
pass rapidlj'' tlirough this zone 
would be sufficient to produce 
damage to the skin layers It 
IS clear that there is some 
conflict of aims here, and as 
practical experience shows that 
a slow rate of thaw over the 
whole temperature range gives 
better results it is better to 
adopt this pohcy Once the 
part has been withdrawn from 
the provocative surroundings 
it IS probabty best to let the 
inflowing circulation do the 
warming without any artificial aid The body heat should, of course, be 
mcreased by hot drmks and food 

It will be noted from the experimental work that there were three chief 
ways in which serious effects could be avoided in ammals — one was the local 
use of vasoconstrictors, the second was multiple incisions to dram away the 
exudate, and the third (and most successful) was tying the mam artery to 
the hmb Clearly these are not all applicable to human cases, but the under- 
lymg principles should receive attention To prevent or hmit the exudation 
must be the mam aim, and any method directed to this end, whether orthodox 
or not, is worthy of trial Raismg the hmb is a simple and easy means of help- 
mg which should be adopted from the onset To have any effect upon 
the capillary pressure the elevation must be considerable , a shght tilt to the 
bed is of no value The exhibition of peripheral vasoconstrictors, such as 
adrenahn and ephedrm, durmg and after the thaw appears logical— the 
number of cases thus tried m the last war was too small to enable any defimte 
conclusions to be drawn — certainly vasodilators, alcohol, etc , must be 
forbidden The effects of calcium and of vitamins C and P upon capmaij^ 
nermeabihtv should be utihzed As the greatest exudation occurs durmg 
the thaw period any treatment must be instituted immediate^ if this is 
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Carve sliovving the Rurvival penods of tissues stored at 
various temperatures For a suggested explanation of 
the dip between 26° and 10° C sec text 
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Tlie number of cawjs of inimcrmon foot now encountered i» quite large po 
that the condition demnnda pcrious attention (sec pp 741 and 743) 
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are jirone to break down and cause pam under the ordinary stresses of 
locomotion 

The nervous effects require time for their recovery, which may never 
he perfect In some cases a neurotic element shrouds the actual orgamc 
change It may he mentioned, too, that men, hearmg of the effect of 
restriction of the circulation, have been known to tie tight hands, puttees, 
etc around the legs ivith the intention of inducing trench foot and so 
escaping further service 


SHELTER FOOT AND IMMERSION FOOT 

In the present war tv^o otliei conditions have been descnbed which 
jirobahly hear some relationship to trench foot “ Shelter foot ” is described 



Fig 412 


Case of bilateral immersion foot, sii. weeks after exposure for 
seven days in an open boat in icy ii eather TJie gangrene in- 
volved the whole thickness of the foot and double amputation 
belov the knee v as necessary {Pholo, L MarLellan ) 

hj’' Knight as occurring m people who spend mghts in cold and oft-times 
damp shelters with the legs dependant over a sharp edge Greene mvesti- 
gated some of these cases and showed that the3’’ usuallj^ affected patients 
shovnng some e^^dence of increased capillary permeahihtj'^ associated with a 
deficiency of the C and P vitamins iSmce cold appeared to be but a con- 
tnhutmg factor these cases are not quite the same thing as trench foot, although 
some of the factors, such as venous stagnation and mcreased permeabihty, 
maybe common to both The second condition is “immersion foot,” which 
IS ohseiwed in the shipvnecked who spend a long time in water-logged boats 
or on rafts Here, agam, \ve ma3' have the additional factors of malnutrition 
and debiht3^ with their corresponding vitarmn deficiencies arising, but 
essentiallv the condition is due to cold and is therefore similar to trench foot 
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injuries of the peripheral nerves 

D UHl^O tbc 101 1 18 »af tbownda of of Injniy to poripfacnl nerrw oocuiTcil, u*l 

M ft ir«Qh the pfttboln(7 ftod trefttment of thcM }c«k>nJ nfti f^bQihcd on ft KKnid bmiU. 
^Inw tl»t ttm* there hftve been Importftat oddltlom to our ktwftledae ftod the &eqaency 
with which tbe« lB)urie« occur In wmr time •tfanakteft Inteirrt In thk bcftnch of ftargeiT 
The beet recohi ftre obtftloed «bea ft oenroloeiet ftod ft nugeon co^Dpente In iddltkin 
there phooU be fftcditln for phrftiotberftpf ftnd * good follow up •yeteizi. 

CHABGBS OOGUBEDfa IN A NERVE AFTER IN3UUT 

OhangM occturiag alter dlviilon — («) The ino«t stnkjng change Wallonan 
degcDerallon, occtire m tho nerve diatal to the lesion (the penpUeral 
stonip) The nxu oylindore degenomto At the aarao time there is fragmenta 
tion and absorption of the mvohn alicatbs and a mo«t artrOang proliferation 
of the nennlomraal colla of Schwann Tlie neunlemmal cells multiply and 
form colnmns wliicli fonotionaUj at anj rato hoheve as guidmg tubee 
when regeneration occurs Tho grosa ohanges aro not eo striking as the 
microscopical Apart from losing its pearly tint tho iwnpberal stump shows 
no colour change It maj become sbghtly firmer to tlie tonch a moderate 
diminution m girtli Is invanable but oven m tho absence of regeneration 
the bundles remain rccogmrsble for at least su j'ears after the injury The 
practical point to bo bomo in mind is that it is Impoesible to tell by mspeotaon 
and palpation whether a nerve trunk is degenerate or not The proliferation 
of Schwann cells is particmlarly noticeable at the out surface of tho nerve 
where they may form a globular swelling sbghtl^ larger than the penphoral 
iturap Itself and aptly described as tho peripheral ghoma {Figa 413 and 414) 
(t) On the central side there is retrograde degeneration for at least a 
centimetre over a rather greater length there are perineural mflammatory 
changes which soon load to fibrosis of tho aheath tho extent of theee ohangee 
depending on tho seventy of the original injury and the presence or otherwise 
of sepaiB There are also ohanges In the anterior horn (motor) and dorsal 
root gan^on (sensory) nerve cells which we need not consider here After 
ft period of not loss then ten days the central stump recovers from the 
immediate effects of the injurj and tho severed axona begin to bud at the 
level where retrograde degeneration ceasee that is ft oentametro or two 
to tho out surface Each axon sends out n number of sprouts 
I^hape as many fta five and they spread out centrifugally though most of 
them seem to be going in search of tho peripheral stump If the gap to be 
CTOfwed 18 only a small one a number of axons may succeed m entering the 
h tubes and a certain amount of regeneration follows Tins 

budding of the axons often produces a globular mass the proximal 
aeiiroTna that may be two or three times the diameter of the central stnmp 
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D URIXQ tbr 1011 IB nar tboxiBimlt of cmm of Injory to pcripherol DeiT« ooerujTed. and 
u 4 rr^oH the potbolc^ mnd treatment of tbrae kalons e a ta h l i i b ed oa a acrtCDd b arii. 
t^nce that time there ure been important ajjdlUoot to onr Liuraiedee, and the freqoeDcy 
Tith ahkfa tbeae tnjoriea oeeor la war time atlmnlatea Istemt in thit branch of aurgwr 
The beet retnltt tee obtained ahen a nearologlat and a rarj^n co-operate In addltkm 
there rbooid be faefUtka for phv>iothefapy and a pood foDoa np aratrm. 

CHAKOES OOCUHEING JS A HEBVE AFTER INJURY 

Cliaiigei occurring after diTlslon — (a) The most sinking change Wallenan 
degcoeration occurs in the nerve distal to the lesion (the peripheral 
stomp) The axis cylinders degenemto At the same tune there is firagmenta 
tion and absorption of the myoUn sheatha and a most stnkmg proliferation 
of the neurilemmnl cells of Schwann The noiirilemmal cells multiply and 
fonu columns which functlonaU^ at ant rate behave as gmding tubes 
when regeneration occurs The gross changes are not so striking as the 
microscopical Apart from losing its pearl> tint the 2 )enpheffaJ stump shows 
no colour change It maj become slightly firmer to the tonch a moderate 
duninution lu girtli (s mvanable but even m the absence of regeneration 
the bundles remain recognizable for at least slv years after the mjorv The 
practical point to bo home in mind is that it is impossible to tell by inspection 
and palpation whether a nerve trank is degenerate or not The proliferation 
of Schwann cells is particularly noticeable at tlie cut surface of the nerve 
’riwre tho 3 may form a globular swelling sllghth larger than tbe peripheral 
"tomp itself and aptly desenbed as the peripheral glioma (Figs 413 and 414) 
(6) On the central side there is retrograde degeneration for at least a 
oentimetro over a rather greater length there are perineural mflammatory 
changes which soon lead to fibrosis of the sheath the extent of these changes 
depending on the seventy of the origmel mjory and the presence or otherwise 
of sepsis There are also changes m the antenor horn (motor) and dorsal 
root ganglion (sensory) nerve cells which We need not consider here After 
a penod of not leas than ton days the central stump recovers from the 
jmmodiate effects of the injury and the severed axons begin to bud at tlie 
where retrograde degencrataon ceases that is a centimetre or two 
to the out surface Each axon sends out a number of sprouts 
irahapa as many as five and they spread out contnfngally though most of 
them seem to be gomg m search of the peripheral stump If the gap to be 
^o*«d is onlj a small one a number of axons may succeed in entering the 
■whwann-eell tubes and a certain amount of regeneration follows This 
uciding of the axons often produces a globular mass the proximal 
nexroma that may be two or three times the diameter of the central stump 
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(Figs 413 and 414) It is often palpable beneath the skin and, as might be 
expected, is sometimes tender The characteristic gross lesion, therefore 
consists of a proximal neuroma and a peripheral ghoma They may be 
imited b}’' more or less scar tissue, which is sometimes so extensive that 
neither swellmg can be recognized , indeed, the scar may so mislead the 
surgeon that he cannot tell whether a complete division is m fact present 

Changes after suture — About ten daj'^s after a divided nerve has been 
sutured, axons bud out from the central stump, but this time they should be 
able to grow down into the penpheral stump without hindrance Simul- 
taneousty there is a proliferation of Schwann cells from the penpheral cut 
surface, exactly hke the proliferation that produces the ghoma after complete 
division which qmckly closes any small gap tliat may have been present 
immediatel}'' after the operation Invariablj’^ tliere is much criss-crossing 
of fibres as they traverse the operation scar, but if the suture has been 
earned out accurate^ this disarrangement is local and occurs cliieflj^ between 
the cut surfaces of apposed bundles Axon buds grow mto an}' convement 
Schwann-cell tubes and there is no distmction between the behaviour of 
motor and sensor}'^ sprouts a motor axon may grow mto a Schwann tube 
connected With a sense organ and vice versa One axon sendmg out seveial 
sprouts may innervate more than one Schwann tube , others wander laterally 
at the suture Ime, produemg a shght thickenmg that ma}^ remam tender 
for many months However, most of the superfluous sprouts atrophy and 
disappear All this axonal confusion which up to a pomt is unavoidable, 
means that “ perfect ” recover}’^ can never occur after nerve suture, and the 
higher the functions subserved by a nerve (the median is the best example) 
the more apparent the imperfection The grovung tip of the axon is un- 
mjT^ehnated, but the formation of a myehn sheath qmckly foUoWs and vuth 
it IS restored the abihty of the fibre to re-establish a functional connection 
with an appropriate motor or sensory end-organ The rate of regeneration 
IS variously estimated, figures varjung between 1 and 2 5 mm a day but 
there are man}’^ aspects of this problem that are still obscure and m need of 
elucidation As a rough working rule it is safe to regard these figures as 
approximate lower and upper hrmts 

Intraneural rlexnses — ^Although a penpheral nerve is made up of bundles the arrangement of 
them changes several tunes before the mam trunk breaks up mto its ter min al branches At certam 
pomts, especially a few centimetres proxmial to the ongm of branches, the rearrangement of bimdles 
IS often qmte elaborate, so that an mtraneural plexus is formed. A severe mjury may involve a 
nerve at or near a zone of mtemal anastomosis and a subsequent resection and suture is almost 
certam to brmg together surfaces at u hich there is only imperfect funicular correspondence, however 
meticulous the operative technique This is an additional reason whj functional recoverj^ is often 
so imperfect 

Changes after a lesion m contmmty — Sometimes it happens that a peri- 
pheral nerve is damaged severely enough to cause degeneration, and yet the 
supportmg structures (endoneunum, permeunum and epmeunum) are to 
some extent spared Although there may be some mtraneural scamng, theie 
IS no gap or dense zone of scar tissue such as occurs after division, and 
therefore no separate development of central neuroma and penpheral ghoma 
Yet m every other respect the degenerative changes are the same as after 
complete division, and when regeneration begins tbe behaviour of the 
axons IS the same Sprouts grow out from the central stump, which sv'ells 
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(Figs 413 and 414) It is often palpable beneath the skin and, as might he 
expected, is sometimes tendei The characteristic gioss lesion, therefoie 
consists of a pioximal neuroma and a penpheial ghoma The}'’ may be 
umted by more or less scar tissue, ■which is sometimes so extensive that 
neither swelling can be recognized , indeed, the scar may so mislead the 
surgeon that he camiot tell whethei a complete division is in fact present 

Changes after suture — About ten daj'^s aftei a divided nerve has been 
sutured, axons bud out from the central stump, but this time they should be 
able to grow down into the penpheial stump without hindrance Simul- 
taneously theie IS a jiiohferation of Schwann cells fiom the penpheial cut 
suiface, exactly hke the prohferation that produces the ghoma after complete 
dmsion, which quickly closes any small gap that may have been present 
immediatel}' after the operation Invanabl}’^ there is much criss-crossing 
of fibres as they traverse the operation scar, but if the sutme has been 
carried out accurate!}' this disanangement is local and occurs clnefly betv'eeu 
the cut surfaces of apposed bundles Axon buds grow mto any convement 
Schwann-cell tubes, and there is no distinction between the behaviom of 
motor and sensory sprouts , a motor axon may grow into a Schwann tube 
connected With a sense organ and vice versa One axon sending out several 
sprouts may innervate more than one Schwann tube , others wander laterally 
at the suture line, producing a shght thickening that may lemain tender 
for many months However, most of the superfluous sprouts atrophy and 
disappear AU this axonal confusion which up to a pomt is unavoidable, 
means that “ perfect ” recovery can never occur after nerve sutiue, and the 
lugher the functions subserved by a nerve (the median is the best example) 
the more apparent the imperfection The growing tip of the axon is un- 
myehnated, but the formation of a myelm sheath qmckly follows, and with 
it IS restored the abihty of the fibre to re-establish a functional connection 
■with an appropriate motor or sensoiy end-organ The rate of regeneration 
IS variously estimated, figures varying between 1 and 2 5 mm a day , but 
there are many aspects of this problem that are still obscure and m need of 
elucidation As a rough working rule it is safe to regard these figures as 
approximate lower and upper hunts 

Intraneural plexuses — ^Although a penpheral nerve is made up of bundles the arrangement of 
them changes several tunes before the mam trunk breaks up mto its terminal branches At certam 
pomts, especially a few centimetres proximal to the ongm of branches, the rearrangement of bundles 
IS often qmte elaborate, so that an mtraneural plexus is formed A severe injury may mvolve a 
nerve at or near a zone of mtemal anastomosis and a subsequent resection and suture is almost 
certam to bring together surfaces at v, hich there is only imperfect fimicidar correspondence, howe\ er 
meticulous the operative technique This is an additional reason vhy functional recoverv is often 
so imperfect 

Changes after a lesion in continuity — Sometimes it happens that a peri- 
pheral nerve is damaged severely enough to cause degeneration, and yet the 
supporting structures (endoneunum, permeunum and epmeurium) are to 
some extent spared Although there may be some mtraneural scarimg, theie 
IS no gap or dense zone of scar tissue such as occuis after division, and 
therefore no sepa? aie development of central neuroma and penpheral ghoma 
Yet m every other respect the degenerative changes are the same as after 
complete di'vision, and when regeneration begms the beha-vioui of the 
axons is the same Sprouts grow out from the cential stump, which swells 
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of the neiNO trunk or a lesion m continmU Nevertheless it is often possible 
to make a shreird guess for example the chances arc that an injurj of the 
radial nerve produced by a frncturo of tlio hnmonia is due to a lemon m 
continuity whereas a gunshot wound shattering the humerus has probablv 
divided the nerve But apart 
from this there are but two 
methods of finding out — cither 
to wait for evidence of re 
coverv or to explore and 
inspect the nerve 

An incomplete ledon — 

An incomplete lesion is 
present when certain niuacles 
supplied h\ the damaged non*e cscajw complete paml^-sis or when 
season loss is onh partial If ]wirt of a nene has escaped senous damage 
it IS nnllkeh that the remainder has been grossft disrupted As Fig 416 
shows this 18 not invanablv the case and if recoren does not ensue fairlv 
quickly exploration is indlcRte<l 



Fio 419 

(llritlon of (br Btfdan Dvrvr < central neorom* on 
ripht (Lntoocbetl photograph taken at operatknL) 


Inubtcze ot — It h perlMpn rtrcr<'«n to aar #oiaHbJn^ abo«t the amdrome of re c oTTry 

If only to diftln^piih It from the clinteal fartinr peraented br an iDfompIete lc*Joc. If the Uaforr 
of the eaae li acmrate no confoaian •boold axiac Unfortunately makaj note* are aometlmca 
defrtXlra and It mar be dKBcult to diffcrmllatc betaern a IctJoa that waa, and atiD k, InwenpMc 
and one that m complete bat I rwrr r cc i iTcr l nc IT* foDoaIn* UbV h hcIpfuJ to thfa rr«p«t 

REOOVER I WO LESION DfCOSmEIB LESION 

Uots- 


OnjcraUy pro cmla In aa ordccly anatomical 
fadilon from the centre to the pertpbetyt 
pforlaal moacW ttrocs (atcrewdutc 
iDD«clea aralcr peripheral moarir^ pcrhap« 
completely parelyaeo. 

£2cdriml fcart ow — Rerponao to perootaDcou* 
ftradtem BaoaHy beblod retom of 

Tohmtarr porer — bat an onreQabte ahui 
g^lOTlariy in the Intrindc miT»cle* of the 

foncT— 

RecoTwy pratrreaac* In an onleriy anatomWI 
£uhkn with ret om of pain’ often manr 
ccDthaetna ahead of too^ if • caw 
aith. an ulnar oetTo leak^n In the mid 
forearm aboaa aboot etioal de g reea of 
wndblUtr In both doraal a^ palmar area*, 
tbnt it H Ukelr tboogfa not certain that 
the ledon h a recorering rather than an 
incomplete one 


Often a patebr paralyvk or a pareak of many 
anaelM not fimn^t into the prtare of ordorlr 
ceittral peripheral refeoeratkin. 


£7ccfnca/ nerfmaa — All a oridng mn*clea reapood 
to f radkm- 


RrllaiKe can be placed onlr on rektion of ooe 
area of aeoaorv kaa altn another * g , If a 
caw vith an olnar u e ii e iealon in tlw mtd 
forcann them partial aenaory in the 

area auppOed the donal branch and 
complete low in the palm, then the kdon b 
probablr Incomplete 


ToELa aw* — Our eiperieoce entirely cooflnna Stocky a (1910) dcmonatiatiofi of the 
onreOalaHtT of thla alnn In eortnderinji the pme and coiw of eiploratton, a podtire TIoeTa rijm 
alow ahcrTild nerer aclgh ajfaintt operation. 

IrriUtiTe leiioni — Irritative lesions causing that most distressing condition 
known as causa^pja are the bugbear of peripheral nerve surgery In everj 
esaso tbe lesion is incomplete and the nerve mvolved is usually the median 
or tibiak Unfortunately we have as vet verv httle knowledge of the factors 
resjwnffl^ for the constant imtation that produces the pain The picture 
of the fullv developed condition is immistakable The patient is m constant 
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to foim a “ neuroma,” and the proliferation of SchAvann cells at the upper 
end of the peripheral stump also jiroduces a “ ghoma ” swelling But as 
the gap between the central and peripheral stumps is nothing more than a 
break in the axons, the tAvo SAvellings are fused into onQ fusiform enlaigement 
or neuroma which is the characteristic feature of what we have foimd it 
convement to call “ a lesion in continuity ” Regeneration usually occurs 
spontaneously, and it noAV seems certain (Young et al ), though the reason 
IS not yet eAodent, that the rate of regeneiation after such a lesion is faster 
than after division and suture Recovery is also better from the functional 
standpoint, because preservation of the architecture of the nerve ensures that 
most of the axons regenerate into the appropriate peiipheral Sch Warm-cell 
tubes A lesion m contmuity is most easily produced experimentally by 
crushing of a nerve Avith a hsemostat and is best seen chmcally m fractures 
of the humerus that have involved the radial nerve (Fig 415) 



Fjo 416 

A typical fusiform neuroma , lesion in continuity of radial nen e 
(Unretouched photograph taken at operation ) 


Transient block — It is common knowledge that a transient paralysis lasting hours, days, or at the 
most a week or two, may follow compression or “ concussion ” of a nerve Tlio paralysis is usually 
incomplete, the motor disturbance being apparently greater than the sensory, and reeovery is so 
rapid that it eannot be explained in terms of regeneration following degeneration The pathology 
of these lesions is unknown, but the process is probably comparable with that occurnng after the 
intranoiiral injection of a Ideal aniesthctic or the short-lived toxic neuntis of diphthena 


CLINICAL INVESTIGATION 

Til ere are four well-defined chmeal tjqies of paralysis 

1 Complete — {a) Division 

(6) Lesion m contmmty 

2 Incomplete = {a) DiAusion or lesion m contmuit}'^ AVith integrity 

of some fibres, or a transient block of some 
fibres 

{b) Transient block 

3 Iiritative (causalgia) = Incomplete lesion plus unknown imtative 

factor 

4 Fiinctional = JIo correspondence With an}'^ knoAVn organic lesion 

A complete lesion — Here there is complete motoi paralysis and loss of 
sensibihty m the distribution of the nerve On clmical grounds it is qmte 
impossible to be certain whether this s 3 mdrome indicates a complete division 
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of the nen*o tnjnk or a le#aon in contlmlIt^ ^ovortlielosa it w often posaible 
to make n shrewd guess for oxain])lo the chnnces are that nn injury of the 
radial nerve produced bj a fmcinro of the humerus is due to a lesion m 
contmuiU whereas a gunsliot wound almttering the humerus has probabh 
divided the nerve But apart 
from this there are but two 
methods of finding out — citlier 
to wait for e'udcnce of re 
cover} or to explore and 
inspect the nerxe 

An Incomplete leilon — 

An incomplete lesion is 
present a hen certain muscles 
supplieil by the damaged nerve escn|>o complete paraJ^'sis or when 
sensor} loss is only partial If part of a nerve has escaped sonous damage 
it IS nnbkeh that the remainder has been grossly disrupted As Fig 410 
shows this is not invnnahiv the case and if recovery does not ensue fairl} 
quickly exploration is indicate<l 
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pBrtbl dirfttoo of (hr m^dko orm centiml DmTDia* on 
rigi^t (Untoochrd photograph at opermHon.) 


SjudnoM ol l e cum y — It H perfMp' ncct iiry to mt aoroHiiJnf aboot tb« ayDdmoe of rttorfiy 
If oalj to dWIngukh It from the cllnloal pictoro pfwoted br an locomplrte k*lon If the hlrtotr 
of tbe ea« U aocorate no confodan fhoohl aiT«r Unfortnaatelr c-hAW] ttofre axo weneticaea 


d rf wt l Tc, and It nay be UjSnilt to dllT<rTentUle I 
and one Uat m cfanpieto bot noa- n w rrririfl 

RE E UV H U K O UESlOn 

Uote- 

GenenlJr proemk In an orderly anatoBikal 
faefalon trom the reatxv to tbe periphery i 
proxhaal mincfe^ atrong. Intermediate 
mnarln naker perirJieral moorW petbap* 
completely paraljeerL 

f?«d7V»J remt»<M« — Re^potno to pervotanecan 
faradltm otoally behind return of 

rolontaiT poirrr — bot an onreliabie elgn 
partlcolarij In the Intrinde ma«Iee of tbe 
htr.H 

Bt u sa y — 

Reco\ ery pr oa iT eree Ln an orderiy anatomical 
fadiion with return of pain often manv 
cenUmetrea ahead of touch, tg. If a cav* 
atth an nliMr u e n 'e leaion In tbe nud 
forearm aboia aboot equal degrees of 
•enalbfbty In both dcnal a^ pahnar aiear. 
tbm h n likely tbou^ not certain, that 
the leaion 1 a recoreting rather thao an 
iDcomplete ooe 


ftacen a lekon that ««% aad >till k, Jncoraplete 
Tbe foUoaieg table b belpfn) in thk reep w t 

IHOOHFLSXC ISXm 


Often a patchy pan^ke at a canaia of many 
moeclca not fittlof Into Lbe pectnTa of orderly 
central- peripheral rrBenertfioD 


Elcftnoal rra •!)(»» — All aorkingniDeclM respond 

(o faraiUeni. 


Rebanew can be placed onlr on rdatlon of oo© 
area of aenaoey loaa altn another if a 
ca^ altfa an tilnar oerre leaion In the mid 
fereann ibowi partial aenaory Icm in tbe 
area aoppOed by the doraal branch and 
complete loae In tbe paim, then tbe ledon fe 
pTobablr liKocnplete 


ToriLH «o»— Our expotience entUeir conJlraM Btook^ a (10IB) denwnrtratlon of tha 
unreJiabdltT of thh ngn In eonaHertoa the proe and coiw of ertJmtlon. a twdttee TTiw-r. 
alone •bonH nerer aflainkt operation 


Iirlt»aTe IfflioM— Imtative lenon, caumng that rnont distreasing condition 
known OB cayMtgia are the bngbrar of penpheral neiro Buigerj In evcri 
coBe tho lemon la incomplete and tbe nerve involved la naiiallj the median 
or UbiaL Unfortnnately we have aa yet very little knowledge of the factora 
reoponBiWo tor tho oonjtont irritation that produces tho pain The picture 
of the folly developed condition is unmiatakablo The patient io m eouBtant 
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miseij’’, foi the pain nevei ceases Aii}^ sudden stimulus, e (j , tlie banging 
of a dooi, aggiavates the pain If tlie aim is aftected lie protects it jealously, 
often mapping it in a wet towel, foi cold often eases the pain Thorough 
examination is imxiossihle, since the gentlest stimulus increases the pain 
The skm is shiny and often led, Avaimer than on the noimal side and 
exquisitely tender The nails show ti opine changes Difficult}^ Anil he 
experienced in assessing the lelatnml^^ more frequent cases in Avhicli some 
of these features are present in modeiate degiee, hut it is not umeasonahle 
to suppose that there are grades of iriitation Theie aie tAvo features common 
to them aU (1) pain, moie oi less constant, and occmiing in the absence of 
an ohAuous stimulus, and (2) some degree of emotional distuibance 

Initative lesions ma}'- appear at the time of the original injmy oi develop 
days or weeks latei Some subside spontaneously those that do not present 
a therapeutic problem of the first magmtude I have seen ten cases, six of 
which recovered AAuthout operation 

Functional — t mention liystcncal pnrfll3'Bia only because a number of cases Jia\e been sent to 
me in the belief that they ivcre due to organic lesions A diagnosis of lostencal parnl3sis can be 
made nith eonfidcnce when thorough clinical examination reveals motor paralysis or sensory loss 
that cannot possibly be explained on an3' organic basis This should present no diffieiilti 


CASE-TAKING 

Tlie method of examination set out below apphes to cases in AVhicli theie 
IS no need foi liaste Where there are other injuries demanding iiigent 
attention, the clinician aviU be less thorough in his inAmstigation However, 
it camiot be urged too strongl}^ that a search for evidence of neiwe injurj^ 
should be made in ever A’’ case of damage to a hmb Too often a cut at the 
AAWist has been sutured and a concomitant median nerve paralysis overlooked , 
a dislocation of the shoulder has been reduced AAuthout any note being made 
of the presence or absence of paralysis of the upper hmb 

History — The type of ovjmy is important The majority of neive lesions 
are due to one of the following causes — 

(o) Ti action, eg , forcible depression of the shoulder, pioducing a tear 
of the brachial plexus , stretching or rupture of the peroneal 
nerve due to an adduction injury of the knee 

(b) Dnect blunt tiauma AVhicli usually takes the form of comj)iession, 

e g , damage to the musculo-spiral (syn radial) nerve in a fracture 
of the shaft of the humerus , pressure on the peioneal (syn 
external pophteal) nerve at the neck of the fibula by plaster , 
severe cases of tourmquet paralysis 

(c) Open wounds — Although broken glass and sharp instruments produce 

examples of these injuries in peace time, nerve lesions due to 
Avormds are essentially AA'^ar injuries 

The examiner should determine the date of onset of paialysis in relation 
to the injury, for occasionaUj'^ the nerve is damaged in the course of the 
surgical treatment Detailed inquiry should be made about the onset of 
pain in relation to the injury , this is of special mterest m irritative lesions 
Inquiries about loss of sensibility and loss of powef) are always worth while, 
foi they may lead to the discovery that a certain amount of spontaneous 
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iniprovoment boa been noted bj tbo patient but care must bo taken to 
oxcludo recover} dno to overlapping of adjacent nerves Tbe onl} true 
evidence of rcco\‘ory is tlmt found within tho niitonomouB rone of the nerve 
concerned 

Ollnlcal examination — ^The character of the tcouiid should be noted A 
determination of tho line joining tho wounds of entr} and exit ran} not only 
bo tho best giudo to tbo level of tbo lesion but ran} lend tbe oiaminor to 
make a more thorough investigation of nerves that otherwise might have 
escaped attention A patient with a through-and through wound of the 
leg mn\ have an ob\noiis foot-droj) he ma\ also have a ranch less obvious 
lesion of the posterior tibinl nerve with nnfcsthcsia of the sole that the 
patient himself had not noticed but vhich would ultimately prove far more 
ecnoua than the noticeable parah'Bis of tlie extensors of the foot \\ here a 
limb has been popjxired with foreign bodies tho examination of erars raav 
provide the most ontcrtaimng dotoctixo work before tho 
level of a nerve lesion is identified A search ahould 
nla-av8 bo made for a neuroma It is an infalJiblo indi 
cation of a nerve lesion and in moot cosea means com 
plete or partial division J/iisc/e is to bo noted 

particularly in tho hand 

Motor examinatloa — Each miiselo in the affected limb 
should bo examined m turn and tho power compared with 
tlmt on the normal sido A system of mnscle charting 
make* for accumc} of recording and is a great laving of 
time The SNwtom shown in tlio chart (p 650) is tlmt 
recommended b\ tho Penpheral Jsorve Injunee Com 
raittee of the iledical Research Council and works 
admirably Tbo oxammer must be on the watch for 
tnck movements although skill m their dotootion 
comes only as a result of long pmctioe it 10 a sofe mlo 
to pay attention not to the prcaonce or abseneo of a 
particular movement but rather to the presence or 
absence of contraction m the musclee concerned 
Flonon of the Wnst can bo produced by an} of the common flexors 
onlv inspection and palpation of individual rausoloe and their tendons 
will show which in foot are producing the movement If all the 
flexors of the wnst are paralysed (complete median and ulnar paralysis) 
moderately powerful flexion ma} bo produced bv an mtaot abductor polhcis 
longus, Abnonnabtiee of innervation are fortimatel} rare but one must 
be noted. In many cases the flexor brevis poUicd* (Fig 417) is innervated 
by the ulnar nerve and escapee when tbe median is completeh divided 
In this case elootncal stimulation of the ulnar nerve invanably suppUee 
the answer 

For aU practical purposea dedrxcal testing with golvamo and fnmdio 
currents is sufficient No time should be Wasted on electrical testing m 
limbs ^at arc cedematous or where the skm is hard and scab after n penod 
of confmemont In plaster the results will be niislendmg It is far better 
to wait unW the nutntion of the hmb has been rendered reasonabh ffood 
by physical treatment The basis of electrical testing Is simple An mtnet 
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neive will lespoiid to stimuli of lapid fieqiienc}’-, such as those supphed hy 
the faxadic coil A muscle wutli its nerve supply intact 1x111 also respond 
because it leceives stimuh through the normal nerve fibres distributed 
throughout its substance A degenerate neive will not respond to any fonn 
of electiical stimulus A degenerate muscle vhll, hut oifi 3 ’' to infrequent 
stimuh, so that the discharges from a faradic coil fail to ehcit an^^ contraction 
On the other hand, the infrequent make and break of the galvamc cunent 
produce a slow, rather lazy contraction of the degenerate muscle fibies 

The reactior of degereratior consists m the absence of a response to 
faradism and the presence of a response to galvamsm Foi ceitain physical 
reasons, now well imderstood, the differences between anodal and kathodal 
contiactions aie no longei regarded as important Absence of a lesponse 
to galvamsm indicates that the muscle is destroji^ed and that, even if le- 
imiervation occurs, no leturii of contra ctiht}’^ can he expected 

The order of exaimnation should be as follows — 

(а) The exaimnei may use bipolar stimulation oi a single small electrode 

for stimulating with the large indifferent electrode boiuid to the 
hmb some distance awaj’’ 

(б) Before appljung the stimulating electrode direct to the hmb the 

exanuner should interpose his hand to make ceitam that the cunent 
used IS not one of painful intensity 

(c) The stimulus should be apphed near the “ motor point,” the point 
at which the ners’-e enters the muscle Those mifaimhar With 
these points will find it necessaiy to consult the diagrams given 
in larger woiks deahng vuth tins subject The suspected muscles 
should be exannned in turn and their i espouses noted on the chait 

It IS sufficient to record the absence oi presence of faradic response A 
faradic lesponse present ten days or more after the date of injury in a muscle 
showing no voluntary contiaction is an almost certain indication eithei of 
hj’^steria oi of a transient block 

{cl) Galvamc stimulation need be apphed onlj'^ to muscles that have 
failed to resjiond to faradism Here it is most important that the 
examiner should test the stiength of the cmrent, for the sensa- 
tions aroused by galvamsm are distinctty impleasant It should 
be remembered that galvamsm is applied to muscles and not to 
their nerves at the point of entr 3 '^ Here again responses should be 
recorded on the chart 

When this has been done the examinei has a complete pictiue of the 
extent and degree of motor involvement 

Sensory examination — Both the patient and the examiner must be fresh 
and alert and the exammation should be conducted m a qmet room free 
from disturbance Fust, the patient should be asked to outhne with his 
finger what he considers to be the zone of abnormaht 3 q and he vail sometimes 
indicate areas that might otherwise have escaped detection The exanuner 
then determines the area of loss to touch (ansesthesia), and he ina 3 ’^ use either 
cotton-wool, a camel’s hair brush or a 1-gm von Fre 3 '^’s hau I have found 
the brush and the hair equall 3 ’^ rehable, and a simple holder for the latter 
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can be made either of wood or (ne at the Oxford Centre) the end of a bJovoIe 
spoke (!Rg 418) it carries a horsehair 
that bends Trfaen appbed to the pen of 
a balance against a weight of 1 gm The 
examiner should work fixim the ames 
thetio to the normal area and the 
patient be asked to say Yes the 
moment he feels a definite touch 
Until it has been established that the 
patient is a good witness orerj pomt 
should be checked before a mark is 
made on the wlnn When the rone has 
been mapped out all the points should 
be joined bv an ink or x>encil line 

^lext the patient should bo examined Fia, 

mth a nharji jratgicnl needle for lorn of tm. rrry Ontaa iroldtr. Modd 
sensibility to pam (analgesia) The tomhttr nwuntedoo brnt WcvcJr 
atininlus la first npplied to normal akin 

so that the patient can say at what depth of pnek the sensation of 
pain IS distinct without being too unpleasant Here again the examiner 
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works from the analgesic to the normal zone, and, generally speakmg, there 
IS httle need to check his rephes since the response to a pamful stimulus is un- 
mistakable The zone of analgesia should he marked out by a senes of dots 
which are left as such , a zone of analgesia, unlike that of anaesthesia, never 
has a well-defined border In peripheral nerve lesions it has a fairly constant 
relation with the more clearly demarcated zone of anaesthesia , the typical 
picture of loss of sensibility due to a complete penpheral nerve lesion is one 
of shaiply defined anaesthesia contaumig a shghtly smaller zone of less well- 
demarcated analgesia (Fig 419, A and B) This dissociation of sensibihty 
has an anatomical basis which depends partly on the relative size of touch 
and pain nerve endmgs (WooUard ei al), and perhaps on the relative size 
of areas supphed by sensory umts (Tower) Within the anaesthetic zone 
there is also loss of sensihdity to heat and cold and an absence of sWeatmg 
A most strikmg and simple method of demonstrating loss of sweatmg has been 
devised bj’- Guttmann (see Fig 419, A to F) The patient, after takmg 10 gr 
of aspirm and drmkmg two cups of hot tea, is placed m a hot chamber and 
the part to be exammed (m some cases the normal side as WeU) dusted 
hheiallv with a powder having the foUowmg composition — 

Sodium clumzarm 2-6-disulphonate 35 gm 

Powdered sodium bicarbonate 30 ,, 

Rice starch 60 , 

Profuse sweatmg will occur m twenty to forty mmutes and is revealed bj’’ 
dark purple staimng, the chimzarm dye bemg ver}'- soluble m sweat or water 
Anhydrotic areas remam hght m colour, and after the patient has been 
removed from the chamber and allowed to dry, the unfixed powder is easil}'^ 
brushed off The stain can be easil}’’ washed off with soap and water 

It wiU be noted that Head’s terras, prolopallitc and cpicnltc sensibihty, have been avoided Head’s 
theor}^ of sensation, an outstancUng contnbution to neurology, is no longer generally accepted, and 
the terms he coined, so rele\ant to the theory, have come to be used rather loosely , many clinicians 
now regard analgesia as sjTionjTnous with loss of protopathic sensibihtj% and ana^thesia as loss 
of epicntic sensibihtj The shorter and more expbcit terms are preferable 

Two-point chscriim'naUon is chieflj'^ of interest durmg the period of 
recover}'", though it is sometimes of value at an early stage when a minimal 
lesion of a nerve is suspected In a complete nerve lesion vibration and 
joint sense are normally lost "withm a very small field, for example, at the 
terminal mterphalangeal jomt m complete division of the ulnar nerve , 
their return is one of the earhest mdications of recovery 

Fmally, the exammation should conclude with a full account of the 
state of the bones, joints, muscles and vessels m the affected hmb, and a 
search should be made for trophic disturbances — shmmess and ulceration 
of the skm and abnormal growth of the nails and hair 

Radiograpluc exammation must alwaj^s mclude the site of the nerve 
lesion for it may reveal unsuspected foreign bodies 

By this time the exammer vnll have so complete a picture of the lesion 
that it should be possible for him to make a fauly confident diagnosis He 
must then decide whether the case is one for immediate exploration or 
expectant treatment If the latter, then it vtU be necessarj' to keep a 
record of progress which calls for a short exammation once a AVeek and 
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CLINICO-PATHOLOGICAL CLASSIFICATION 


Tvp^ 

Etiology 

AiutomicAl 

Chftngn 

Hl«toIogIc«l 

Cbmngee 

ClinicAl 

Pktoft 

Recovery 

0pcrati\e 

Treatment 

Divjilon 

(a) Openwoundaof 
*1J klncU 

(t) Traction Injurie* 

Ncurorat ^ndgUoma 
with 4 gap of 

N trying length 
Sometirou as above 
but often a length 
of fibrolic ner\e 
containing fev, 
nene elrmenti 

_ Complete \\ ftlleriAn 
degenermtion 

Compiete motor 

nnd sensory lorn t 
R P in mosclet 

Rare without 
sutnre i roesn 

rate of regeners 
tion 1 to 2 5 mm 

4 day but gener 
ally the slower 
rate proximal 

to distal pro 
grcsslon 

Resection and 
suture 

Lcfllon in continuity 

(а) Wounds — ‘ near 

(б) Pretsarc (ctwjci 

■lly frac 

tore*) 

(c) Traction 

(d) Fnetion 

tranmatio 

ulnArn^iritU 

'Fniiform ncurom* 

Complete Wftllerian 
degoncrmtlon but 
prcscrtAtlon of 

more or less of 
supporting tissue 
of the ner\c 

Complete motor 

And sensory loss t 
R D in muscles 

Oeneraliy spon 

taneous and often 
rapid mean rate 

1 6 to 1-0 mm. 
a day protltnal 
to drstal progres 
lion 

Removal of 
mechanical ol>< 
struction i other 
wise leave alone 

Tninnent block 

Compreuion 

Not known 

DIstarbance of axis 
linden short 

of complete In 
terruption 

Motor loss often 
complete senary 
generally incom 
plefc : no R D 

In muscles 

Rapid a matter of 
ilavs or a few 
weeks r«o\Try 
often appearing 
with equal 
rapklitv through 
out the zor>e of 
disturbance 

None rtijuired 


a complete exammatioii once a month Some form of splmt may be 
required and physical treatment will be necessary , these matters aie 
discussed later 


TREATMENT 

Open wounds — When is it safe to suture a nerve in a lecent womid ^ 

The majority of incised Wounds, if dealt with within the first six houi-s, 
may be treated by primary excision and immediate closure in only a few 
laceiated wounds is such a course permissible Only %n wounds that can 
be rdted on to heal by first intention is nerve sutui e justifiable 

If the wound is of this kind, what should be done when a fiacture is 
present ^ 

Here everythmg depends upon the ease with which the fiactuie can 
be reduced If the fragments can be controlled with ease and the final 
position of the hmb is one m which suture of the nerve can be earned out 
with comfort (the nerve suture being the last step in the operation before 
closure of the wound), then the operation is permissible 

Illustrative Cases 

Case 1 — A medical student uas uounded in the left arm dunng an nir raid It uns a iienetratuig 
■\\ound in the middle of the arm wth frocturo of the humerus, di%nsion of the brachial artery and 
venal comites, the hosihc and cephalic veins and the ulnar nerve In addition there uas median 
and radial paralysis The patient was ojierated on (by Mr D H Patey) three and a half hours after 
the infliction of the injury The wound ivas excised and the damaged vessels wore ligated , the 
median nerve was seen and found to ho intact , the radial nerve vas not seen and no search for it 
v as made , the transverse fracture of the mid shaft of the humerus was controlled inthout difficultj 
The ulnar nerve was therefore sutured after freshening of the stumps , 10 gm of sulphanilamido 
were placed in the a ound, antitetanus serum was given, and the a ound closed around a small dram 
The operation a as earned out early under ideal conditions and the fracture vas easil3 controlled 
The wound healed by first intention and the fracture united in perfect position 

When there is difficulty in the management of the fracture, repan of a 
divided nerve should not be undertaken 

Case 2 — A soldier was v ounded in the upper third of the nght thigh by a nflo bullet that shattered 
the femur and produced a complete sciatic paralysis This occured at 7 r m , he uas admitted to the 





























INJURIES OF THE PERIFIIERAL ^ER^E8 563 

\nDit6rid llofri* Ho*p4tftl at 0 40 p x In a atate of thocfc, and by lOJO pjc hli cooditioo n* 
•uiJleteatJy good to aairant oppfatlcn 

Operelt^* (3Ir J C. Scott) — The aocnd aaa excised and enlarjipd all damaged moacJe aa« 
mnoxed the aclatlo omto aaa not a«n and no March »ai made for It a dry pack aaa placed 
in the wwmd. a pin Inarrtcd throtigb the tlblal tubcnjdtice and tbc Hrab pot op in a ITwinaa apimt 
ahh tractlotu XHning the cooiae of the operation it aaa Dfctaaarr to giro 3 pints of plasma. In 
this case anr attempt to repair the n et i e aonld hat's been folly The patient s condition did not 
a arrant a pr ok r og ed operation, and to hare placed blm on hU face aonld almost certainly hare npaet 
the podtlon of the fenxnl fraotnre The mound healed In nine meeka by the thirteenth meek tbe 
fraeiore mas aoondly rmhrd and there mas a satisfactory range of moTe merit at the knee exploration 
of tha anatio nerre (mhkti rerealed a complete dlrWon) mas then carried out. 

If the surgeon conaidore that auturo is pemussiblo he should first perform 
a thorough excision of tlio wound flio final stage is repair of the nerve 
The ends of the norvo are imgnted intli salino and trmimcd this is a sur 
pnsmglt (hflScult manooutTO since fresh nerve tissue is soft and shpperj 
and the onl\ instrument that I liave found satisfactory is a pair of fine and 
very sharp scisaors Suture is carried out in the usual waj (see below) 
care bemg taken to ensure that no rotation of the nerve has occurred it 
should be possible to obtain almost perfect apposition No hesitation need 
bo felt m employmg compounds of the sulphonamido group the advantages 
to bo gamed in tlio provonHon of infection far outweigh anj possible toxic 
action on the damag^ norvea After cloguro of the wound the hmb is placed 
in plaster with tho nerve slightly relaxed Seeing that only a small quantity 
of nerve tissue lias been resected splinting m relaxation need not be 
maintained for longer than two weeks 

The doubtful wound — Tlie surgeon mnj feol tempted to inspect the nerve 
so that ho mav know whether ho will have to perform a amtnre at some future 
date or whether the discovery of a lesion in continmty will mdicate that 
expectant treatment is tho correct course This is onlj pomussible should 
ho encounter the nerve durmg the course of tbe operation if it does not 
appear he should not hunt for it When n divided nerve is discovered nothing 
whatever should be done to it 

TTBALTWl WOUKDS 

The majonty of nerve suturo operations are nghtly performed when the 
woimd has healed soundlv Under favourable orcumstanceo (sound union 
of a fracture satisfactory movements in jomts) exploration of a nerve may 
be undertaken about two months after the wound has healed Risk of 
recrudescence of infection is very shght and with the jndicions local and 
general employment of drugs of the sulpfaonamide group this is reduced to 
vanishing pomt 

INDIGAHOKB AHD OOHTBAIHDIQATIOIIS FOE EXPLOEAHOS 

(^) In the preienoe ol ilfiif of complete interruption— 1 U there has 
b^n on open wound which has healed soundly and tho picture is that 
^a oomplete nerve lesion oarly exploration shonld be advised Apart 
from waiting, and porhapa thereby wastmg valuable months there is no 
other way of determining the nature of the lesion 

2 If there is a polpable neuroma the probabihU is that the nerve has 
o«n completely severed 
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8 WJicn tlic IcsioD follows a traction injury it is wise to wait and see if 
spontaneous recovery will occur. Traction injuiics aic usually associated 
with diffuse nerve dainnge not readily amenable to ladical rejiair 

^1 Nerve injuries accoinjianying closed fraetuies geneially recovei 
sjiontaneously Exjiloiation may safely he deferied (treatment of the 
fracture usually makes this necessary anyway) until after such time as is 
lequircd for the appeal ance of the first sign of sjiontaneous recovery 

(B) In the presence of signs of incomplete interruption — As has been in- 
dicated already, the syndiome of incomplete intoii ujition of a neive is much 
moie suggestive of a partial lesion in continuity than of a complete disrup- 
tion of jiart of the nerve tiunk It follows theiefore, that in most cases a 
conservative attitude is likely to he correct. On the other hand, ajiaitfrom 
waiting to see if iccovcry ivill occui spontaneously, theie is no method 
short of operation wheieby a jiartial lesion in continuitv may be distinguished 
from a jiaitial division In ]<’jg 4] Gan example is given of a paitial division 
ill which only suigical lepair could affoid a jiiosjiect of rccovciy In lesions 
of the mam tiunk of the sciatic nerve it is not uncoininon to find paitial 
intcrrnjition of one division and coiiiplcte seveiance of the other — usually 
the peroneal (sec Fig 422) 

111 the minority of cases — those in which sjionta neons recovei y does not 
occui Within a reasonable time — -tlio surgeon is justified in jierfoiming an 
exjiloiatoiy ojiciatioii What exactly is meant by a icasonable time ? 
This question can best be answeied by quoting a relevant case 

On 27lli May KUO, \\lion a nuinboi of fliioll frngmonls ponolmled tlio paUont’H right arm, flioro 
\\as imiiipdiatc' median jmmlymH , tlio jiaticnt was a doctor and aware of what liad liapjxmed to liim 
IliH woiiiuIh were eorrcetly treated, and by tlio end of July tboy liad healed soundly Tlio median 
nerve was thiokoncd and could bo jialjiated beneath the scai In the months that fol'owod there 
was slow imjiiovemont in the flexor miblinns digitorum, the latoml half of flexor jirofiindus and 
the flexor longus polhois The lomannng musolcs of median innervation in the forearm remained 
eomplotely pamlysed, as did iiitnnsic musoles of tho hand su])phod by the median The patient him 
self iiotned little improvement of soiisibility, although when examined fourixien months after tho 
iiijurv tho sensory loss w'as that of an nicomjiloto lesion , amcathcsia was eonfinod to tho index and 
ring lingers, tho rest of tho median aiea being hyporestliotic , analgesia was confined to tho index 
and middle fingers 

Tho distance between tho wounds and the thenar muscles was fil cm Taking tho low' estimate 
of the I ate of regeneration of 1 H mm a day, there should have licon signs of impro\omont after tho 
Doth day Nevertheless, on the 4 tOth day tho thenar muscles were still paralysed On these grounds 
a diagnosis of partial division of tho median nor\o was made On 20th iScptcmbor 1041 I exposed tho 
nerve just below the axillaiy fold and found tho lesion shown m Fig 410 a very obvious partial 
division witli conduetiMty confined to tbo fine strand 

Tho latter was dissected proximally and distally, and the lemaindci of tho ncivo tieated by 
excision of tho stumps and sutuic 

Summarizing — Exjiloraioiy ojieiations usually yield mfoimation con- 
cerning the lesion that cannot be obtained m any other way Liberation 
of a lesion m continuity fiom sear tissue — neuiolysis — may in itself be of 
value In doubtful cases belonging to this gionp, Stookey’s ajihoi ism is a 
good one “ Radical ncive oxploiation — conservative nerve opeintion ” 

NEUROLYSIS 

fl’ho \aluc of this operation is still debatable IVhoie a nerve is obviously lying in uiifaxourablo 
surroiimbiigs — tbc best oxamjilo lioiiig traumatic neuritis of the ulnar ncr\o resulting from a bone 
abnonnabty in the region of tbc elbow — neurolysis, and in this case trans])lan(ation of the ner\o 
anteriorly, is a most rational procedure In general the case for bbemliou of a nerve from scar tissue 
has not yet been made out convincingly Dramatic rccox cries lm\ o licon reported, roco\ cries occurrhig 
a comparataely short time after ncurohsis, but their significance is loss than might bo supposed 
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If the ie«km h one that lun c*twd trw AVallerfan dogeneratloo (and opcrathre InterTcntfcm ooght 
uriTT to be cootempUted tinkw tbU li tbo euo) » certain mlntmal time mo^ oiapee before regeneretkin 
can uwuf In aoiiie reported c«m of recovery fonoving ncarolviij the recovery haa been ao rapid 
that It could oniy be eiplalned by regeneration being mell advanced at the time of tbo operaflan 
fai other Trend return o/ function happened to follow tbe operation it wa? not doo to ft 

Tniwnal mrotytll Impliea tbe reDMral of rear tl^wK from althin tbe nerve abeath Tbia ia an 
even moee doobtfol pcocedtrre and if tbe acar la aulDcicntly evtendre to require draatfc treatment a 
reacetlon and suture h morr ratkmaL A roltder form of intemaJ ncnrolvaiT — longitndmal IndaioA of 
tbe nerve sheath— baa Ita tdeocatea, but again thev have act to prove Ifa vaJoe 


OPERATIVE TECHNIQUE 

Tlie description about to bo given Applies to nil nerves and up to a point 
to exploration nnd Biituro nhko 



Techniqoa of local InUhratlon anwatheab witboui anwatbetizlng tbo nerve HaeiC, 

Preganikm — Platt a a ug g ea t l on that an a w a ouri ate piaster east, made alth a limb in tbe eoceo t 
po»tKiperatiTO pnaJtion, abould be peepared b a tore ha od la Indicated only occaaionaDy It ia ao dlfOroh 
to foceteD If re'cetton and Kitit ro alJl bo oece^w and, if It la, what poaltloo of tbe Hmb vriD be 
caDcd for 

The Bkm preparation must be genexoue 

Anoeftheiia — If general ansesthesia is omplojrd the aniesthetist should 
bo prepared for a long soasion and select his amostbetio accordingly Where 
wide and deep exploration is required I have found it helpful to combine 
general aniestheeia vnth local infiltration of 0 5 per cent procame and 0 001 
per cant adrenahn the procaine should be made up as follows 1 volume 
cent procame and 3 volumes of normal saline The mjectlon of 
^ eolation reduces bleeding and assists the surgeon by aepareting tissues 
Unless Injetcted directly into a nerve procaine of this strength has no effect 
63 
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on conductivity By makuig the injections well to each side of the nerve 
the only objection to local infiltration of procaine is obviated 

In a large proportion of cases local without general anaesthesia suffices 
(Fig 420) , indeed its employment has an added advantage When the time 
comes to mvestigate the conductivity of the nerve, sensory as weU as motor 
observations can be made The solution already described is used and it 
remams effective for four hours 

Exposure ^ — The mcision should be a generous one so that there may be 
no difficulty m identifjnng the nerve in normal surroundmgs both proximaUy 
and distally Havmg identified the nerve above and below, the surgeon 
dissects towards the lesion , particular^ when there is much scar tissue 
patience and gentleness are necessary'- Strict haemostasis is essential , 



diathermj’^ is helpful m this respect blothmg must be divided imtd the 
surgeon is certam that it does not contam a part of the tissue he is seekmg 
to isolate Bipolar faradic electrodes should always be close at hand, 
for motor nerves buried m scar tissue can often be identified by appropriate 
stimulation When the nerve lias been freed by dissection the exact nature 
of the lesion must be determmed 

Complete division, with or without mtervenmg scar tissue, usually 
presents no difficulty A fusiform neuroma (see Fig 415) is hkewise obvious 
The troublesome cases are those m which there is so much scar tissue that 
the surgeon cannot teU whether he is deahng with a very fibrous lesion in 
continmty or with a complete division which his dissection has fashioned mto 
the shape of a fusiform neuroma The steps to be piusued are as follows — 

(«) Inspection 

(6) Palpation — Sometimes it is possible to feel a central neuroma that 
IS not obvious to the ej^e If the scar tissue at the mid-point of the 
lesion is verj’ hard, then it is hkeW that the division is a complete one and 
that resection will be mdicated 


* It is not po^'iWc here to describe the anatomical approaches to individual nen es 
number of standard works of which Incomparablv the is Sir Harold Stiles s ^sav In 
Injuries Editor ‘^ir Holxrt Jones 1921 Vol H Oxford Jlcdical Publications 


The\ are aiallnble in a 
‘ Orthopfedic Surgcrv of 
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(c) Elfctricve s-TiMUi:*.moN — Molor It sometiraee Imppcna that 
although iwmK9isma\ bo complete clinlailh and the reactiou of degenemtion 
present in nil miuiclc«i direct fnmdic stimulation of the nerve cither above 
(Fig 421) or below the legion will prodiieo a distinct contraction in one or 
more of the muscles innervated below the level of the lesion In n case of 
this kind resection and Biitnrc should not be performed unless further un 
ravelling of the lesion itself re\enls a partial division Sensory If the 
operation is jwrfomied under locnl ann>8tlicsia it raai bo possible to identifi 
senson fibres in the jwnphcral stump b\ npphing the electrodes below the 
lesion Forevnniplc a patient witli a lesion of the ulnar nerve in the forenmi 



continnth oftbeffbiaL of p(Ton«l ulone 


niav on pcnplamil stnnulntion complam of tingling in the Lttle finger This 
indicates that fibres lm\o grown down at least as far as the electrodes and 
that the lesion is not a complete division in some of our coses showing 
phenomena such as this nothing fiuther has been done to the nerve and 
spontnnoons rccoven has follow^ 

(d) Bissncnox of mr lebion is of special importance in injunes of the 
mnux sciatic trunk It is iisualK ^tossiblo to ideutlfv the tibial and peroneal 
divisions above and below the lesion and b\ eaming the dissection towards 
the site of damage it is sometimes feasible to split the sciatic tmnk into its 
components — often mth astonishing results One ma\ find the tibial division 
aiutomicnllv intact and therefore probabK the site of a lesion in continiutv 
whereas the i>eronenl division is almost completed interrupted (Fig 452 ) 
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(e) Injection of normal saline — If a fine needle is used, little harm 
IS done by injecting the site of damage with normal sahne solution If great 
resistance is encountered it means that the fibrous tissue is exceedmgty dense 
the probability of the lesion being a complete one is therefore considerable 
On the other hand, if the nerve is distended easily fibrosis is probably pen- 
fascicular and the lesion is one in contmuity 

( / ) Trial section — ^If by this time the surgeon is reasonably certain 
that he is dealing with a complete lesion, section involving one-quartei to 
one-third of the nerve trunk at the centre of the lesion may be made 
(Fig 423) If it reveals dense fibrous tissue and no obvious nerve bundles, 
the incision is deepened Complete section should not be made until guide 
sutures have been inserted proximallj’’ and distally to indicate corresponding 
points on the circumference of the central and penpheial stumps When 
the operation is performed under local ansesthesia, painless section indicates 
complete absence of conducting sensory fibres 

When in doubt as to whether complete section is justifiable, the surgeon 
should halt After suitable treatment of the bed of the nerve (see below) 



and complete control of bleeding, the damaged 
nerve trunk should be replaced unless it can be 
transposed to more congenial surroundings , 
the operation is then brought to a close If after 
a further period of observation no recovery takes 
place, re-exploration, resection and suture of 
the lesion can always be carried out 

Mobilization — Should it be decided that 


suture of the nerve is necessary, the next im- 
Fiq 423 portant step is mobilization of the nerve trunk 

Method of performing tnai It IS certain that a gap of several centimetres 

(section wiU be present after excision of the damaged 

part of the nerve, and mobilization is necessary 
m order to obtain satisfactory approximation It is carried out in six 
distmct stages and before the nerve section is peiformed- 

(а) Adequate exposure — The incision is enlarged for as far as is 
necessary for the next step 

(б) Freeing the nerve trunk centrally and peripherally should be 
earned out as far as is possible anatomically This Will yield an mcrease in 
length of a few centimetres So far as we know, this jirocedure mterferes 
very httle with the blood supply of the nerve , after extensive freemg of the 
sciatic nerve, bleedmg vtII often be noticed when the central and penpheral 


stumps are resected 

(c) Flexion of joints ls a great help, and m combmation with freeing 
the nerve is generally sufficient to give the additional length required 

(d) Transplantation of the nerve — The best example of this procedure 
IS transplantation of the ulnar nerve to the fiont of the medial epicondyle 
of the humerus 


(e) Stripping of branches — Branches of peripheral nerves arise several 
centimetres proximal to the point at which the}'^ become obviously separate, 
and by careful dissection it is often possible to free them and so increase the 
mobility of one or other stump 
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(/ } Sacrifice of buancties should not be undertaken imlc«8 the surgeon 
feel* sure that the sacrifice la justified 

Bone ihortenin* is indicated oiiU in the cftse of non union of a fracture 
of the homerus nnd an extensive lesion of one of the mam nerves of the arm 
— most probabh the radial Even in such n case it is usunlli wise to suture 
tho nerve sometime after the opemtion for non union 

Examples of actual cases mil seno best to illustmte how these vanoiis 
manmuvres contribute to the attainment of the onl\ radical operation that 
has proi'ed its merit m peripheral nene surgen namelv end to-end suture 

Er^mplf 1 — ^IcdlkA riwc lf*kin fn f<jrt»rm, 10 chi- mbucc oirtUal ep^coiulTlc 
FfTctBg oerre proilmAlIy pUned 2 era. 

FrrHnjj nnre dKliUj (rilocd 2 „ 

FlcTkra of elbnw to W) oddltlotut 4 - 

Flexion of ctbow froni 00 to 1-40 nldilloMl 2 „ 

Addix-tlon arxl 1st rot of houhW odiUtlnnal 3 „ 

IS cm. 

Tbi^ f IT • TfTv cTlcsdTT lc-4on. 

Emmf/t 2— ETtcn>4Te r*(lUl serre lr4on oboot 4 cia. •bore tbc Utml cpieondvic the uciic 
to fanchlondkfii from the peripb*rml trank I <hi bcloir tbc Ic^o. It «m nccev«ajT to 

FotU for the doorr' of h («p of 3 S cm., hat frWlfut of the proTimel frank end flexion of the efbe** 
«cre ahnort otelcra beraoee tbo perfphml etosip ««e tcthcmi dovi^ br the branch to braebioraduGe. 
After the eacriflee of tbh Inoc^ appo^lon ira obtained wUhoot tendon 


BtUb future — When after mobilitation it is estimated that resection and 
suture cannot bo effected or cannot be effected mthout undue tension 
bulb futnro u an expedient which should be m the forefront of the surgeon s 
mind it i* often strikingly succeasful Tlie neighbouring jomt is flexed 
and the untTimmod ner%e ends are laid side b^ side with as mnoh overiap 
08 possible though stoppmg short 
of overlapping health\ nerve tiasuo 
Stout sutures are passed througli the 
bulbs fixing them firmly together 
and the wound is closed (Fig 424) 

Gradual extension of the flexed joint 
produces an elongation of the nerve 
When full extension iins been obtained 
the lemon is exposed again and it is 
usually posmblo to proceed mth re 
section and end to-end suture 

Beseetlon of the ttompi — If the 
operation is being jierformed under 
local amesthesia the proxunal trunk Fro -121 

should be injected mth 2 per Shawinf the prindplM famdradln balb raturr 
cent procame well above the lino 

of section a very fine needle bemg used The resection should be as 
generous as possible so that there may be no great amount of intra 
neural scarring to obstruct regeneration. The beat knife is an ordinary 
■afetj raxor blade held in a hmmostat (Fig 425) and the first cut should 
be made at the point nearest the lemon where the nerve is of normal con 
slstencv If the gap to be closed is a large one the surgeon mav feel compelled 
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Fio 426 

Excision of pathological tissue pnor to 
nerve suture , note healthy appearance of 
bundles and retractility of the sheath 



Pig 426 

Complete division of the ulnar nerve just proximal 
to the nerve to flexor profundus digitorum 
segment excised 




to make a tiial section wJiere theie is 
still some penneural and possibl}’’ endo- 
neural thickening , he may discovei to 
Ins giatification that the tlnckemng is 
entirely perineural and that the bundles 
themselves appear healthy There should 
he no doubt whatever about the appeal - 
ance of healthy bundles — they stand out 
in the most obvious way (Fig 426), 
though the peripheial bundles are not 
alwaj’^s so distinct as those in the central 
stump Another indication that 
the section has been made suffi- 
ciently far back is the retracta- 
hihty of the nerve sheath, 
which, m a normal central or 
penpheral stump, springs hack 
smartl}^ from the bundles as 
soon as the section is made 
The bed for the sutured 
nerve — The surgeon is now in a 
position to see where the suture 
line Will finallj’- he and the 
nature of the tissue beneath it 
Should the bed he an unhealth}’’ 
mass of scar tissue, tiuee courses 
are open to him — 


Tlie 


Penpheral Central 

Fig 427 

Note the lack of correspondence between the funicuh 
The injury damages the nerve at the site of an intra- 
neural plexus This is the same case as is illustrated 
in Fig 414 


(a) The nerve may he moved 
to one side into a new 
and healthier position the 
median, for example, when 
divided in the middle of 
the arm may be laid deep 
m the groove between the 
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bmchiaUa nnd the biceps The ulnar nerve mav be transposed 
nnteriorl\ 

(6) nro sear if not too ertensi\c mav be excised 

(<*) The scar raaj bo folded over on itself nnd sutured so that hcaltin 
tissue IS presented to the imder surface of the sutured nerve 

Partial cloture ol the wound — Tlio incision is almost invanablv of con 
siderablo length and the proximal nnd distal parts should be closed before 
the bmb is flexed and suture of the nerve performed If the limb is flexed 
first and the neno sutured it maj then lie found exccotlmglj difficult to 
clo^ the skin incision 


BUTUEE OF THE HERVE 

Suture material — The reaction produced bj suture matonal is proportional 
to its size as well as to its nature The ideal matenal is one that can be 
obtained m extremolv fine threads of good 
tensile strength and produces a minimal re 
action The mojontx of surgeons are opposed 
to catgut because of the brisk cellnlar reaction 
tliat it provokes Fine hnen produces only 
a small reaction Silk can be obtained m 
oven finer threads and 
provided that it is used 
plain or d^*e<l aith a non 
irritant substance it in 
duces onl} a small zone 

of cellular infiltration and 

fibrosis An oven finer Botore* «« tw iir-t 
and leas untant matenal tieht enoosh to cW 
IS human Jiair * and for ^ 
those witli the skill and patience to use it it is unquestionablv the suture 
of choice It cannot bo emplowl if there is more than the slightest tension 
at the snture Ime though sometimes a corabmation of fine mlt 0 

Deknatel) and hair uiU give perfect closuro In difficult cases 

Under no oircnrastances should it be necessar\ to pass an^ sutures through 
the substance of the nerve All sutures are passed through tlie sheath alone 
(Fig 428) they are interrupted and no more should be employed than are 
required to complete closure of the sheath (Fig 429) Tlio knots should be 
tied with great care to avoid the nerve bandies being pressed together If 
there Is to be anj defect at the suture line it should bo a sbght gap rather 
than a slight crowding for the latter is a certam guarantee of irregolar re 
generation The first two or three sutures inserted are loft long and held 
with mosquito forceps they are used to rotate the nerve while the remain 
mg sutures are being placed In most cases the central and penpheml trunks 
are of different diameters and it lias been recommended that the penpheml 
(smaller) trunk should be out obliquely This is almost a technical impossi 
bilitj and the surgeon must do the beet he can by approximating the sheaths 

L QtatipanB — tmpabB^brd »orL. 




Techttki3e of pc u b futore j t^mkirt 
Krtnren «ed 0015 foe ■pproxlni»tkm 
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< I i to }nake a tual section wlieie tlieie is 

A y ' ]|r| j still some iDeiineui’al and possibl}'^ eiido- 
/ / /It Denial thickening , he may discovei to 

/ / |1 / gratification that the tluckemng is 

V y n| entnely penneuial and that the huiidles 

\ Pi themselves a^ipeai healthy There should 

he no douht whatever about the appeal - 
ance of healthy bundles — they stand out 
Fio 425 m the most obvious wa}’’ (Tig 426), 

bundles and retractility of the sheath ahva3’-s SO distinct as those in the central 

stump Another indication that 
the section has been made suffi- 
cientl}'^ far back is the retracta- 
hilit}'' of the nerve sheath, 
which, in a normal cential oi 
penpheral stump, spiings hack 
smartly from the bundles as 
soon as the section is made 
_ , , . . . The bed for the sutured 

Complete division of the ulnar nerve just proximal „ 

to the nerve to flexor profundus digitorum The nerve 1 lie SUrgCOn IS llOW 111 a 

segment excised position to see Where the sutuie 

, J - ™ line Will finall}^ lie and the 

nature of the tissue beneath it 
the bed be an unhealthy 
mass of scar tissue, three courses 

*■ (a) The nerve maj?^ be moved 

‘ to one side into a new 

^ PenpW touted and healthier position, the 

Fio 427 median, for example, when 

Note the lack of correspondence between the funiculi divided in the middle of 

The mjuy damages the nerve at the site of an intra- 

neural plexus This is the same case as is illustrated , , , , , , 

in Fig 414 m the groove between the 
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brachialis and the bicops The uinnr nerve ma\ be transposed 
nntenorh 

(i) The Bear if not too extenin\o Ina^ be excised 

(c) The scar ninj l>o folded over on itself and sutured so that healthv 
tissue IS presented to the under surface of the snttircil nerve 

Partial clolure ol ths wound — The meunon is almost mvanabh of con 
sidcmblo Icngtli and the proximal and distal parts should bo closed before 
the hmb la flexed and suture of tho norvo performed If the limb is flexed 
first and tbe nerxe hutured it nla^ then 1^ found cxceedingh difllcidt to 
clo*o the skin incision 


SUTURE OP THE NERVE 

Sntore nwterltl — Tho reaction produced bj suture nintenal is proportional 
to its HIM os TTcll ns to its nature The ideal material is one that can be 
obtained in evtremoK fine threads of good 
tcnsilo strength and produces n minimal re 
action Tbe majont\ of surgeons arc opposed 
to catgut because of tho brisk cellular reaction 
that it provokes Fine linen produces only 
a small reaction Silk can bo obtained in 
oven finer threads and 
provided that it is used 
plain or di-ed with a non 
iintnnt substance it in 
duces onK a iniall tone 
of cellular infiltration and 
fibrosis An oven finer soturt* »ro tied |urt 
and less Imtant material ttfhteoongh to do*© 
Is human hair * and for ihpsth 

those with tbe skill and patience to use it it is unquestionably tlie suture 
of choice It cannot be emplovod If there is more tlinn the sbghteat tension 
at tho suture line though eometuues a combmntion of fine silk (Xo 0 
Dokiistel) and hair will give perfect closure in difficult cases 

Under no circuinstances should it be necessary to pass any sutures through 
the substance of tho nerve All sutures ore passed through the sheath alone 
(Fig 428) they arc interrupted and no more should be employed than are 
required to complete closure of the sheath (Fig 420) The knots should be 
tied with great enro to avoid the norvo bund^ being pressed together If 
there is to bo an\ defect at tho suture line it should be a abght gap rather 
than a slight crowding for tbe latter is a certam guarantee of irregular re 
generation Tlie first two or tlireo satnres inserted are left long and held 
with moeqmto forceps thev oro used to rotate tho nerve while remam 
mg sutures are being placed In most cases tho central and peripheral trunks 
are of different diamoters and it has been recommended that the penpheral 
(smaUcr) trunk should be cut obliquelv Thu is almost a technical impossi 
bility and tbe burgeon must do tho best he can bv approximating tho sheaths 

L. Ovntaau— ,ort_ 




Technique of Derr© fut are 1 tenkkkn 
•irtwrei n*ed onlj for spjiro time! km. 



.■572 PERIPHERAL HERVE INJURIES AND WOUNDS OP TENDONS 

as accurately as possible When satisfactory apposition has been obtained 
the guide sutures are withdrawn, the nerve is laid gently in its bed and the 
wound IS closed On no account must the position of the limb be disturbed 
until complete fixation in plaster has been obtained 

The -Hork of Young and Mcdawar on fibnn future of ncncfl (hoc Chap LXXXJT) lias attracted 
considerable attention, and I have used tlicir concentrated plasma on a number of occasions 
Unfortunately, it is still a laboratory prciiaration and, because of dilTiculties in manufacture, not yet 
avadable for general use 

Post-operative fixation — It is sufficient if plaster slabs and a few turns of 
bandage are applied to the affected limb, thougli after a sciatic nerve suture 
this IS not a light undertaking 

Post-operative stretching — Except aftei suture of a freshl}'^ divided nerve, 
where there is no great loss of substance, gradual extension of the hmb 
must be earned out This means nothing less than organic lengthemng of 
the nerve, and it must therefore be a gradual process It has generally been 



Fig 430 


Turnbuckle plaster applied after suture of the ulnar nerve Tliere was a con- 
siderable gap vvluch was not made good by antenor transposition alono 

the custom to raamtain the hmb in a flexed position for two or three w'eeks, 
this bemg based on the knowledge that nerve fibres grow aeross the suture 
Ime from the tenth day onward and that the permeural scar tissue, like that 
after an mcision in the skin, becomes reasonably strong after the second week 
But the time required for stretchmg a nerve that has lost a certain length 
of its substance is not precisely known, and the times given to obtam full 
extension of the limb from the position of 90° or 120° flexion varj^ from six 
to ten weeks In the main we have followed the experience of surgeons m 
the 1914-18 war , preliminary fixation has been mamtained for three weeks, 
and the process of stretchmg has occupied six or seven, making a total of 
mne to ten weeks, dependmg upon the mitial degree of flexion In one case 
where, owmg to a faulty plaster, extension occurred rather more rapidly 
than this, we were so afraid that damage might have been done that I 
persuaded the patient to allow us to inspect the suture fine through a small 
incision made under local anaesthesia There was a perfect union, and 
peripheral stunulation demonstrated the presence of sensory fibres well 
bevond the hne of suture If one swallow makes a summer, this case shows 


INJURIES or THE PERIPKERAL NER\ES 


C73 


that tho time* given are at anj mto not too sliort thoiigli they roai nell 
be too long 

Tlie actual stretching procces has genenilh been loft to graiiti and 
the patient s own efforts It sconiB Miser to control it b\ an articulated 
plaster (Fig 430) Tliis plaster Is hinged at tho fleied joint and the mto of 
extension dctcrmmc<l b\ the iinecrowing of a tumbuckle 

Icm iTllUn*— A» won m the rorjiietl trpalr of prrip}ie»I nerrrs bct«nie feanUe the problem 
of bridfinf: lu^ gspn befan to the attention of amjeeoiM and rreearob ToKen and to-day 

tbo Intereit It arcrae* k groat — perhaps beeacna tho problem rtHI aaalti a final aohxtion Of 

an the matKmyroe dedgoed to bridge a gap that cannot ho closed by mturo uerie grafting alone 
n u ri v ea a« a raHonal a^ rcaanaably promWng pro ce du re The eepeffanentaJ evWenro In favour of 
nerre grafting k unajaaQable (Sankn and ^ oannh and notable »occ m e< hare been aefalererl in man 
In repair of the facial nerre (Duel; CoQier) ana In th« hand (Bonnel] and Boyea) But theae are 
kmpie problemr compared edth the bridging of a gap In a largo nerT© trunb in a hmb, a hero there 
k dlffienlty In obtalnnig anficierrt grafting materia] and. If It k obtalnaUe the poealbQitr of nccrorii 
o e vun ing In H after Implantation. It aee m r rearon 
ably certain that automfti of normal or |ae 
dcgimente r^erre offer the bert chanco of encee^j 
honografta befanre In an trregnkr fa hlnn and 
h at e iugi afti are sselesr. 

Ahrujogfa htmdredi of grafting operatlona mere 
pe rfo rmed dtrring the krt aar the reprrrta of oscfol 
recovery aero deprroalngly acvity Ncrerlbelc^ 
there k now a bri^tcr p r( ^p e s: 't of aoeeess, for the 
hlologkal behavltro of grafti k aeil anlmlood. 
and the technique of gnfting in man H gnuloally 
evnlriog The prohlem In thk aar hav r>ot rot been 
oesofanymagiutade rinceb) tlrcronghmoUlliallaB 
H k feneraQr prr^kUe to aecnre end to^end aotnre 
The repair of digital nerves I oaeret pcoicotagreat 
poakbujtka, and thoae Interoated are adehvd to 
cffltcah BonnclTa oxcebnt paprra. Tbe treatment 
of other peripiMTal nerre (eaknu by grafting haa not 
rot been aon>ed out completely 

PHYSICAL TREATMKHT 
(^) SpUntla* — Although splinting 
plays no part whatever in tlie regooem 
tion of a peripheral nerve it w all 
important so far ns muscle function 
and the prevention of defonnitj are 
concerned An overstretched musole will not regain ita oontractihtj oven 
though its nerve supply may have been restored completely The beast form 
of splint IS one that mamtaing paralysed musclea m a position of moderate 
relaxation (approximation of origin to insertion) and at the same time 
permits movement through a small rauge 
Six type* of splint ere required 

1 The abduction splmt for brachtal plexus mjnnea mth parahsi* of 

the deltoid (Fig 431) 

2 The knuckle-duster splmt — dongned by W B Highet This I 

believe is the only Batisfeotory aplint for vJnar paralysts that haa 
yet been devised. It mamtaans flexion at the metecarpo 
phalangeal jomta and encourage* the patient to keep the 
mterphalangeel joints extended. It provides complete protection 
64 



Era -131 

AMnrtloQ epJint for porolyik of abdoctoro 
of «bonldeT 
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cagamst the development of a clav hand, hut it must he fitted 
vnth great care (Fig 432) 

3 After manj* experiments the sphnt for median ji^^nlysis, shown m 




Fig 432 

Splint for ulnar parnlj sis The palmar roller is the same ns in sphnt shown 

in Fig 434 

Fig 433 was devised and so far has proved satisfactory It 
provides relaxation for all the intrinsic muscles of the thumb 
4 Combined median and nhiai sphnt this is an elaboration of the 
hniiclde-dustei (Fig 434) 

5 The 1 adialj^iaiahjsis sphnt (Fig 435) is 
that recommended by the Medical 
Eeseaich ComiciJ after the last war 
It has never been bettered though 
there is no denying that it is 
elaboiate A man vearmg this 
sphnt maj’- do moderately heavj'^ 
work Without the shghtest nsk of 
overstretchmg any of his paralysed 
extensor muscles 

6 For sciatic paratysis the well-known 
below-knee steel with a toe-raismg 
sprmg has proved satisfactory 
The details of this instrument are 
sufficientlj’ farmhar to make illus- 
tration mmecessary 

(B) Massage, electrical treatment, move- 
ments and exercises — ^AU patients with nen^e 
injuries require physical tieatment 
Massage — The apphcation and value of this form of treatment are so 
well knovii that they do not call for discussion 

Electrical treatment is the bone of contention When a penpheial nerve 
has been divided, any muscle it supphes begms to waste rapidly, and so 
fai nothmg has been discovered that wall arrest this process The histological 
changes need not detain us except to remark that if re-innervation does not 
occur the interstitial prohfeiation of connective tissue becomes predominant 



Fig 433 

Splmt for median paralj sis , the 
cuff for the thumb is made of 
moulded leather, the proximal 
edge being everted 
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until ultimntelj most of tbo muscle w replaced by fibrous tissue This 
change is permanent and unaffected b\ subsequent re-innervation '\Iore 



Fm -131 


CornfatneU mMi«a aod olur ipUat In thb thr patieot bad complete 
median aod oliiar pahy with eer t ir claning controOrt only br thJa aptint. 

^Itboegh partlyib of the band (a tlQl elmoat conplde be ba^ irtarDM to 
bb oecopaUoD ae a haled rt«y i 

Interesting changes are jxbriUation and increased ow'gen consumption 
This imccasing fine inco-ordinata twitching of degenerate muscle mar con 
tinue for rears and mat well be the reason not onI\ for the inereftscd 



Fwi 433 

Splmt foe mnwlotplr^l paralrua. Tbo onlr aigniflcant addJtkn la a Dttks 
trough on the ulnar border of tbc band, irhieh prorenU derlation to the 
ulnar aide 

metabohsm but also for the atroplu which must then be regarded as an 
expression of exhaustion the muLde wetinng itself out This is the vi&w 
put forward bv Langley and bv Tower and if correct its bearing on treatment 
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IS obvious Degenerate muscle can be made to contiact by galvamc stimub, 
and it has long been the custom to recommend galvanic stimulation dunng 
the period of denervation to keep up some sort of activity in the muscle 
until new motor fibies reach it But it has been shown that this regular 
stimulation does not prevent atrophy and, if Langley is right, can only 
aggravate it It is possible that Langley’s experiments Were not contmued 
for a sufficient length of time , that whereas the early atiophy is inevitable, 
late atrophy may yet be prevented This possibility is now being exammed 
— though m the meantime the chnician is left with httle to guide him During 
the last war daily galvanic stimulation of paralysed muscles was practised 
almost universally, and many good recoveries weie reported Whethei 
they Would have been better or worse in the absence of such treatment cannot 
be told Until more evidence one way or the other is forthcommg the 
chmcian must remain m the dark, though it will comfort him to know that 
recovery can and does occur whethei galvanism is employed or not 

Movements — Splinting can be overdone The function of a sphnt is to 
prevent paralj’^sed muscles from being stretched, not to fix joints This 
War has already produced lamentable evidence of ignorance of this simple 
principle, and m some cases the final disability has been due more to joint 
stififtiess than to the nerve lesion The harmfulness of passive movements 
m the treatment or attempted prevention of joint stiffness resultmg from 
injury or infection has been so clearly revealed that it has tended towards 
a general condemnation of passive movement of joints m general But in 
a paralysed limb active movement is often impossible, and in many cases 
the joint is undamaged Unless there is some clear contraindication, the 
joints of a paralysed hmb should be put through a full range of movement 
once daily if the movement is carried out With care the paralysed muscles 
Will not be stretched to a harmful extent, and provided stretclung of the 
sutured nerve has been carried out gradually until full length has been 
obtained, the nerve will not suffer damage If some degree of stiffness is 
present when the patient is first seen, the range of movement should be 
gradually increased by passive movements If this fails, gentle mampulation 
under anaesthesia is permissible, the surgeon contenting himself With obtain- 
ing a small increase at the first session, and not proceeding to further 
manipulation until this gam is assured 

Exercises — Attention has already been drawn to the axonal criss-crossmg 
that occurs at the suture line a confusion which manifests itself functionally 
as mco-ordmation when recovery occurs In some instances (particularly 
after suture of the ulnar nerve) this loss of co-ordmation, an inabihty to 
perform fine dissociated movements, is jiermanent, but it may be nunimized 
by intelhgent re-education of the patient m the use of his hand The 
stereot3'’ped exercises of the massage department are of some value, but the 
best stimulus is provided by occupational therapy There is a wide field 
of choice of occupational exercises, and it is possible to arrange them m 
senes to cover every phase of recovery An added merit is that they call 
for the exercise of tactile discrimination The most depressing sequel of 
a median nerve injury, even when recovery is Well advanced, is the loss of 
tactile discnmination in the index finger and thumb, the sense that is mani- 
fested clinically by the two-pomt test There is now little doubt that recovery 
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of this sense must Trait on the amvni of an adequate number of touch fibres 
In the affected zone but irhen they arrive it is certam that many of them 
reach dcsstmntions that are foreign to them and the patient must leam hovr 
to mterpret correctlv the sensations conveipd to him bv endings arranged 
m a nevr and unfamihnr pattern This calls for long and patient effort 
irhich IS best encouraged by suitable occupations m uhich tactile 
discrimination should pluT an increasmgly important part 
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CHAPTER Lin 


WOUNDS OF TENDONS 

THE BUNNELL-MAYER TECHNIQUE OF TENDON SUTURE 

W HILE the end lesults of repair of severed tendons particularly 
those contained in special sheaths, still leaves much to he desired, 
substantial improvement has been noted by many surgeons "who 
have adopted the BunneU-lMayer method of suture m smtable 
cases It should be noted that silk is used for this suture, and that imabsorb- 
able material be employed is an mtegral part of the Bimnell-Mayer techmque 
In this connection the findmgs m O’Shea’s mterestmg study of no less than 
870 cases of severed tendons is contraij’’ to what we nnght expect 

Suture jMatenal Suppuration followed in 

Catgut 15 per cent 

Silk 3 ,, 

Bunnell, in a recent coinmumcation, states that his results have been 
still further improved by the use of fine stainless steel wire No 34 m place 
of silk 

The BunneU-Mayer suture is more difficult to describe than to execute, 
but we hope, with the aid of the diagrams (Eig 436), the reader will have no 
difficulty m understandmg it 

A fine straight round needle is attached to each end of a piece of silk 
10 m long , the size of the silk varies, dependmg on the size of the tendon , 
braided No 2 silk is usually right for the flexor profundus tendon The 
stitch IS mserted as follows the operator, graspmg mosqmto forceps fixed 
to the edge of the stump of the tendon, steadies the tendon against the 
mdex finger of the left hand, and with one needle transfixes the tendon 
horizontally ^ m from the severed end (Eig 436 (1)) One needle traverses 
the tendon obhquely at an angle of 45°, emergmg on one side (Fig 436 (2)) 
The procedure is repeated, usmg the other needle (Fig 436 (3)) The forceps 
IS then removed and the tendon steadied by holdmg on to the two silk 
threads, and the traumatized tip of the tendon is removed with a very 
sharp knife (Fig 436 (4)) so that a clean cross-cut of tendon is visible One 
additional stitch is then taken with each needle, bnngmg the silk stitches 
out as near the centre of the tendon as is possible (Fig 436 (5)) Traction 
of 2 to 3 lbs IS put on the silk so as to take m ah the slack and bury the 
silk m the substance of the tendon An exactly similar stitch is taken m 
the other cut tendon end Each strand of silk is tied separately to the 
correspondmg strand protrudmg from the opposite tendon end (Fig 436 (6)) 
In tying these knots accuracy is essential Sufficient tension must be 
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applied to cause the tendon ends to buckle ft tnfle Wlion tbe sntnre has 
been completed the two tendon ends ought to be m perfect apposition 

(Fig 430 (7)) the silk knots 
buried between the tendons 
80 OB to be invisible No 
silk should show on the sur 
face of the tendon nt anv 
2X)mt There should be no 
mw surface of the tendon 
exposed nt the suture hue 
The Bunnell flayer 
suture is quite unsuitable 
for flattened tendons and 
when there is no tonsioQ 
the button hole operation is 
ommentli satisfectorj A 
Terticel sht is made in the 
upper part of the distal 
segment of the tendon 
(Fig 437) Through this 




Fm 4S7 Pio -158 
TV button bob ” motbod 
of lotelsc K Batt«srd tewkxi. 

is drawn the proximal end 
(Fig 438) which is then 
sutured seouieh to the 
edges of tbe button hole 
Wlien for any reason, 
notably tension the above 
ptocediiro la impracticable 
Harmer s suture may bo 
found of value The illos 
tration presents the 
method tour sutures are 
— two in the proxunal and two m the distal ends of the tendon 
Each stitch is commenced about 1 m from the severed ends It will 
be noted that the lost step entails tying the ends which have been held 
m the hromostats alongside the tendon Thcee servo as lateral spbnts 


Txa 4SS 
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(Fig. 439) Tiloy must not bo tied too tiglitly, 
in 01 dor to avoid buokling Tins sutuio wns 
dosignod for nso with cntgut 

OTHER POINTS CONCERNING TECHNIQUE OF 
TENDON SUTURE 

Retrieving retracted tendons — Wlioii n tendon 
has boon sevoiod tbrongli a coinpnrntivoly small 
Avonnd, usnnlly tlio pioximal ond lotracts about 
2 in and iho distal ond about 1 in Tlio original 
Avoiind should not bo oiilaigod in tlio lino of tlio 
tendon, for tins piactico tends to dissoiiiiiiato 
infoction and also, ovon in aseptic cases, to iii- 
croaso tbo liability 1,o adliosiOiis and scar formation 
Tlio lowoi sovoiod ond can nsnally bo found in 
tbo original Avonnd If thoio is difficulty in locat- 
ing tbo upper ond, a small transvoiso incision is 
made at tbo point wboro tbo surgeon oxpoots to 
find the lotractod stum]) 

Preserving the endothelial covering — ^Agam, 
with tbo object of pi ovon ting adhesions, tlio 
tondon .stumps must bo handled vciy caiofully, 
always with tho view that thoir doheato covormg should bo traumatized as 
little as jiossiblo Tho Bunnoll-]\1ayor tochmquo of stoadynig tho tondon 
Avith a fino hcemostat localizes suifaco trauma to a minimum When it is 
not iiracticablo to grasj) tho tondon in tins way, a Lane’s forceps omployod as 
shoAvn in Fig 430 is compaiativcly atiaumatic and gives .splondid purchase 
Preventing tension — lilumm gives what may avcU pioAm to bo an 
important principle in tendon suture. In order to loliovo tension, say, in 
the case of a flcxoi tondon in the foicaim, ho paitially divides tho musclo 
holly 111 this way thcio is littlo or no pull on tho sutuio hue and tho 
necessity of keeping tho wiist floxed is obviated Musclo, he says, heals 
very leadily, and by tho time tho tondon has united tho muscle has 
legoneratod I’lio piocodiu o is i ocommended jiai ticularly for secondary sutui o 

WHY IS THE PROGNOSIS BETTER IN THE CASE OF EXTENSOR 

TENDONS P 

All published losults agioo in one particulai tho piognosis from a 
functional point of view is distinctly bettor m the caso of extensor as 
opposed to flexor tendons While no satisfying explanation is given in the 
htoratuio, it is not difficult to extricate ono A largo pioportion of out 
flexor tendons are concoinod with tho lingers When a flexor tondon within its 
digital sheath has boon cut, tho conclusion reached by ono of us (T B. M.), 
who has had twenty-five years’ experience in a city in which tho local trades 
predispose to such injuries, coincides exactly with that of Tooce, who Writes 
“ In an oxporionco covering some hundreds of oases of tondon injuries, I 
have never scon a case of successful primary or secondary suture wJion tho 
point of division has been actually within tho flexor sheath itsolf ” 
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Coatcfl remnrkfl that n giirgcon who con produce case records m which 
suture of n flexor tendon in its digital sheath boa led to useful voluntary 
movement will incite considerable interest In lus method 

Bove has obtnine<l tins long lookotl for rosiUt m four consecutive cases 
in what IS agroed gcncralh to be the most regularly disappomting site for 
tendon suture vir the flexor tendon of a Anger Bove s intngumg method 
IS ns follows Tlio tendon ends are found grasped ntraumaticnlly and drawn 
well mto the wound Tlic tendons are then transfixed ^vnth pins well au-av 
from the site of soveninco (Fig 440 A) The out ends arc iirutod with two 
simple silk sutures and the wound closed The 
finger and the finger onl} la encased tn plaster 
which incorpomtca the pins the finger being 
in the flexed position (hig 440 B) 

POSSIBLB METHODS OF PRBVENTINQ 
ADHESIOKS 

Cargilo membrane fnt fascia lata cello- 
phane etc have all pro\cd unsatlsfa^'torx Fw •wf> 

AmnioplaAtm a membrane prepored from Potki mniod ofratureof 
human amnion promises well it is certainly flexor imdaa. A, pfai 

™re cnectlve tl.im am M-mpi>ing matenal 
vet densod Ammoplastin sets up no phago »Hb ti» 
oytosis or cellular rooctlon and it become* 

absorbed completoh within a period of thirty daj-s The mombmno is 
preserved in 70 per cent alcohol and boiled for half an hour m distilled 
water just before use U is not wnduU fmgile is handled and 

resembles rather tlun oiled silk 
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If the advice set out in this chapter is followed there will seldom be 
difficulty m deciding whether tendons should bo sutured forthwith or no 
It should be noted that In all probability if Bocondory suture ivero omplo^’ed 
m a case suitable for primarv suture the final result would be equally good 
Eraphatically the conversa is not true Beaming this m mind Heck s 
inveetjgation of seventy five oases reveals secondary suture m a partioularlv 
favourable ligh t 

Primary suiure — 

Extensor tendons 
Flexor tendons 

Secondary svittre — 

Extensor tendons 03 5 

Flexor tendons 25-0 

If there ig real doubt concerning contamination of the wound it is better 
to perform secondary guture This advice stfll holds good after taking 
into consideration the possible benefits which accrue from sulphaullamide 
65 
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therapy The mam argument against primary suture is that its failure 
not only still further jeopardizes the severed tendons, but, should infection 
supervene, it will probably impair the funetion of uninjured neighbouring 
tendons 

BOhler’s teachmg is this — Refrain from tendon suture %n a 

conkiminaied wound complete the immediate operation by suture of the 
skin alone 

It IS especially important to secure complete approximation of the skin 
over tendons, even in cases where the tendons are uninjured In order to 
leave potential free drainage within the wound as far as the sutured skin, 
fascial planes should not bo sutured If BOhler’s good advice is followed, 
cut tendon ends can be sutured under conditions of strict asepsis at a second 
operation This regime has an additional and not unimportant advantage — 
it saves time in rush penods following the admission of a batch of casualties 
In wounds with loss of skin, efforts should be made to obtain a skm cover- 
ing, at least over that portion of the wound involving tendons 

The insertion of suture material into the cut tendon ends, to be ready 
for tying at a second operation, has been suggested This practice seems 
inadvisable, for it is a fundamental principle that placing extraneous matter 
into a contaminated wound must be avoided rigorously 

APPLICATION OF THE PRINCIPLES ENUNCIATED 

Recent clean-cut wounds — IManifestly primary suture is indicated 
Wounds by broken glass, so common m peace and in modern war, are 
eimnently suited to this procedure 

Recent wounds which are not clean-cut — Under this category are mcluded 
wounds inflicted by agents which common sense dictates are certainly 
infected War wounds, with the exception of some bullet wounds, must all 
be regarded as heavily contammated If the injury is less than twenty-four 
iiours old, and there are no visible signs of infection, the usual wound excision 
IS carried out When a tendon is not severed completely, sometimes its 
contmuity can be preserved by cuttmg away the ragged contaminated 
portion only If the tendon is severed, its ends are resected with a scalpel 
so as to leave a clean surface No attempt is made at tendon suture 
Primary closure of the skm must be very exact and throughout its depth 
The skin is thm and mobile over many sites of possible tendon injury, e g , 
the flexor surface of the forearm, and relatively deep mterrupted sutures, 
combmed with mattress sutures superficially, have proved a reliable method 
of obtaming accurate approximation 

Immediate post-operative treatment — In the case of wounded tendons 
where wound excision without tendon suture is necessary (^ e , an early 
but grossly contaminated wound), immobihzation is earned out with the 
same exactness as if a fractured bone was involved However, if the wound 
remains aseptic, the period of this immobilization need not be longer than 
a week or ten days Another excellent prmciple is to elevate the part in 
order to reduce oedema, so for the upper limb of an ambulant patient any 
good abduction splint can be employed , for the lower limb the BOhler- 
Braun splint is excellent 
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Evtcofltion — If the pnnian operation has been performed at a caaimltT 
clcanng rtntion Sir Anthon\ BouJb^ « adnce regarding the madnsabiht\ 
of immediate evacuation after prunnn autiire ahould l>e roineinliered If 
a 'wound involving tendons has been treated bv pnmar. closuro of the ekin 
the patient should be retained under olwervotion for at least four or five 
da\'8 If at the end of tliia time there ore no signs or svmptorus of mfec 
tion he ma\ bo evacuated but the importance of a note however eiiort 
stating what was found and done nt the primary operation must never be 
forgotten 

When to perlorm secondary future — After pnmarv closure of the skin 
if no suppuration has oocurnxl the scar pre^nts n health^ appearance and 
there are no areas of tendemc^< Kicondarv suture can be undertaken on the 
twelfth or fourteenth da\ there is no adxiintagc in Avaiting anv longer 
^\’hen a low grade infection lastmg sox for a xreek or ten daxs supervenes 
Koch ndxnses waiting three months After frank suppuration an interval 
of SIX months must intervene indeed in the case of a severe Ktreptococcal 
infection it is prohablx advi'iable to xvnit twelve montlis 


METHOBB TO BE ADOPTED IN 8ECONDABT SDTTOE OP TENDONS 

The wound ha* healed by fint intention — "Lnder these circumstances 
comparotivelx little difRcultx is expenenced in retrieving tlie cut ends of 
the tendons Once the skin has been reopened along the bne of the scar from 
tlio point of viea of the operation the problems met with differ httle from 
those presented in the primary operation Of couree usnnllx there xnll be 
more tension to be overcome when approximating ent ends Jor thus reason 
the Bunnell Maj-er suture enn be emploved Infrequentlx WKen the loss 
of substance is considorablo tendon grafting or tendon transplantation 
xnll be necessary (see p 3^») 

The woond hfli healed by second Intention — It is inevitable tliat alter 
a wound involving a tendon has suppurated for weeks or months the severed 
ends will have retracted and in all probabihtx thex xvil] have become brmed 
in scar tissue TIio muscles concerned can be made to contract but thev 
exert no poll on their corresponding tendons Before undertaking treatment 
of sucli a case certain principles must be aasimilated 

1 It IS essential tlint sutiwed tendons should be covered b} normal 
whole skin and not scar tissue The cutaneous scar must therefore l>e 
excisecl completelx In order to effect approximation of the skin it max 
be necessarv to make counter incisions 2 or 3 in from the xyonnd edge 
sub'iequentlx the resulting bare patches w hicb are xvelJ axvnv from the original 
wound can be covered with a skm graft 

2 Tliere should bo no assoaatod nerve lesion Tendons share m the 
general dvstrophv of deuervated tissues 

3 The associated jomt must bo mox^ble In the case of a digit it ie> 
obviouslv a waste of tune to attempt to repair the tendons of a stiff finger 
If the finger or fingers are contracted thev must be straightened gradoallx 
bx using splints and appliances In this connection tlie Volkmann con 
trncturo or finger extension splint (Ilg 442) i<* of service 
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4 Tlio fliiTgoou must bo fanubar 'uitli the nimtom^ of iiorves and tendoui 
of the region Tlio most frequenth mjure<l tendons are tho'^e of tlie fore 
ami The relationship of the floTor tendons to the nerves just above the 
level of the anterior annnlar ligament (flevor rctinaciiliuu) is shown m 
Fig 441 which ma\ prove liclpfdl 

o In mam situations local anaesthesia is advisable ^Vhen the tendons 
have been disscctwl out of the sear tissue the patient is mstmeted to move 
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tbo part concerned If contraction of the muscle produces pull on tJie 
corresponding tendon know that the proximal end is suffiaentli free 
to jnstifi anastomosis 


UTTHODS OF BRIDODIQ A GAP 

In Bome situations (vis in the forearm near tlie muscle belhes) and 
under certam conditions it is possible 
to dissect the tendons in such a wax 
as to leave fibrous tissue pnrtialli 
forming a connecting bridge If tius 
principle is adopted it is often sur 
prising to find that not onlv is there 
no tension between the twx) ends but 
actusDi the ro made tendon requires • 
shortening In similar eituations 
wlion scar tisane cannot be utilized 
in this manner a piece of fascia lata 
can be used to bndge the gap The 
akin of the thigh should have been 
prepared beforehand with this possi 
bihty m view 

In still other contingencies particu 

and in good condition, tendon kngth TOtiurd In 
emng enn be employed (Fig 443) 

\et again in appropriate cases soigical ingenuiti niaj dictate that one of 


One of •rrm] nTtbod* «tleh c*n Us em 
piored for IrBcUwnlnj * trodoo 
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the ingenious exploits of tendon tiansplantntion, of wlncli Jfigs 444 and 445 
are examples, meets the needs of the case. 




Fio 444 


Fici \4r, 


Three Iciuloiis passed lliroiigli 
anoUier tendon wliieh lins 
been split to receive tlioni 
{.After f>lr Iloberl Jones ) 


TrniiHiiliintntion of the tendon of the bitejis 
foinoiiH The tendon has lieeii liroiiglit 
ihrongli nil ojicning in the qimdricc])s and 
anchored there {After Ilorslrn ) 


Such measuies as the above aie useless m the case of tendons noimally 
contained m well-defined sheaths Bunnell wiites ‘‘ When a tendon in a 
finger oi hand is found to be lough, cicatiicial and giosslv adheient, it is 
better to remove it and leplace it with a new one ” Bunnell has had an 
expeiience of 259 fiee autoplastic tendon giafts (l^ig 440) ovei a peiiod 
of fouiteen yeais In the case of foieaim and hand the jialmaiis longiis 
IS a fruitful source of supply , a tendon fiom the fiexoi subhmis oi one of 



IjCngtlicniJig a tendon by moans of an autogenous graft {After lliinnelt ) 

the long extensois of toes can also be utilized Tendons aie giafted with 
what Bunnell calls then “ paiatcnon,” that is, the specialized elastic fat 
which immediately sui rounds them. 

If the flexor tendons are severed m a finger ui the usual place, opposite the jiroximal phalanx, 
tbev lannot be sutured vMth sutciss, as tbc junetioii will become adheient in the narrow sheath 
It IS better to remove the tendons entirely from the finger and graft a new tendon The suturing 
IS then done m the palm, win re adlKsioim will Is of less imjiortanee, and to the distal phalanx One 
flexor tendon m a finger must sudic-e 

The graft is sutuied to the jiiofundus in the palm, and a silk sutuie is 
fixed to its other end The base of the teiminal phalanx of the fingei is cut 
dottn on by two shoit lateial incisions and the eve end of a piobe is passed 
up the empty fiexoi tunnel into the palm, thieaded with the silk and 
withdrawn to pull the tendon giaft down the tunnel covcied by the intact 
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or rocon«titutod eoft parts The front of the base of the distal phalaui is 
scraped for bonj contact and the ond of the graft is fixed by a suture passed 
through R tinv drill hole mndo through the bone (Bunnell) (Fig 447) 
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THE APPLICATION OF PLASTER OF PARIS 


S plints of motal and in'ood reqniro attention and adjustment oven 
80 immobilization ia somotimM imperfect A plaster cast correctlv 
appbed provides immobilization second to nono for it gnps the entire 
circumforence of the limb and it calls for the minimum of attention 

Iluter of pEiii la a finr «hite povtW mado from tbe atone wUcb la {mlrerixod and 

Wated Bo tbat tbe nter of CTTVtmUlutkn ia drfrrn olL Hie rmltliV anhydride aalpbate 

ean eamUae «Kh mater and tbe re<eT7ataUlaatian mhlrfa then tain plaee n loKnrn aa “aettln^ 

As ft splint plaster is u»ed in two forms (1) as bandages made of book 
muslm impr^fnatod wnth starch rolled m diy plaster powder and (2) as 
sheets of muslm which are impregnated with wet plaster paste Tlie latter 
are chiefly used for makmg plaster beds but can also be employed m making 
shoulder spicas or hip spicas Sheet muslin calls for expert plaster tecliniqne 
and it is also a more expensive method 

Plaster bandages are made os follows Tbe muslin the meehse of which 
should bo about twenty four threads to the inch is tom into widths of 3 
4 j 6 and 8 ul. Half 
a dozen longitnduial 
tliroads should be ro 
moved from each side 
of the width Dry 
plaster-of Pans powder 
is placed on the flat 
muslm and sraootlily 
spread out by liand 
(Fig 448) or bv means 
of a wooden board and 
the bandage thus be 
comes evenly filled with 
plaster as it is rolled 
The 3 and 4 m ban 
doges should be _0 ft 
long and the 5 6 and 
8 in bandages should 
be appro xunately 12 ft long Bandages 8 in wide should weigh 0 oz 
bandages 0 in wide slionld weigh 7 oz and bandages 4 m wide should 
Avelgh 0 oi If even bandage is weighed after it is made the sister making 
them soon lesms the ngbt amount of plaster to incorporate in each The 
bandages shonld not be rolled too tightly ns this will prevent the water 
roaolung tlio centre snfflcienth qtiickly Dn plaster strips of vaning 
SOI 
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thickness can also be made Bandages and strips should he stoied in large 
zmc boxes It will be found convenient to keep those required for current 
needs in biscuit tins painted black, with the size of the bandage marked on 
each tin 

As a rule the home-made bandages are pieferable to proprietary ones 
They are less expensive and they bind better when apphed to the trunk 
However, the proprietary brands have advantages individual bandages 
contain more plaster, consequently a lighter cast can be made over the 
extremities Dry plaster strips can also be made and stoied m the same wa}^ 
as plaster bandages To have the stiips read 3 '^-made saves time 
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A, I’ortablc oiiliopa3dic oj fracture table B, Brackets for c' ei ting traction C, Vanous 
plaster-rcmo\ ing instniments D, Metal drum for making plaster strips 


Plaster work, where possible, should be earned out m a speciallj'^ equipped 
plaster theatre Essentials are as follows — 

Plaster of Pans bandages 
Stockinet in various widths 

Felt — grey felt is the cheapest, and if placed over stockinet can be 
tolerated by the patient It is about 1 in thick, but can easily he 
stripped into smaller thicknesses 

Ordinary white cotton-wool, rolled in bandages G in wide, 6 ft long and 
one-half of the thickness in which it is usually sold 
BrovTi wool, wood wool or dressmakers’ wool, which should be doubly 
sterilized if it is to be in the proximitj’’ of abrasions or wounds, as it 
may contain tetanus spores 
Cotton bandages 
Strappmg (adhesive plaster) 

Webbmg straps 
Flexuble aluminium strips 


THE ATPLIOATION 01 PLASTER OF PARIS ^93 

A table for making plaster strips Tim should be glass toppeil for easy 
clonning 

An orthopi^ic or ftncturo table (Kg 440 A) 

At least two buckets m stands 

Brackets attached to the wall (Fig 440 B) and hooks to the coding for 
traction and suspension 

Plaster removing instruments of various tN^iea (Fig 440 C) 

Strong scissors and scalpels 

Bolilor 8 walking irons and gpnnnen for bonding them 

Indelible pencil 

keeful adjuncts nre a metal dnuii (Fig 440 D) for making plaster strips 
and a sink at ground level for soaking plostor casts pnor to remoial The 
plaster room alvoiUd bo gufflc{entl 3 largo to contain tiro oporatmg tables 
including an ortliopiedic table which can maintain the loii-er limbs in wide 
alxluctlon and a mobile V rav apparatus 

BIETHOD OF APPUOATIOH 

Plaster casts arc applied as follows — 

(n) Unpadded or over stockinet ns m casts for tJie eartremitios 
(6) Over stockmot with felt padding over the bony prominences as 
in siimal jackets 

(c) 0\or a light larer of wool preferably maintained in position bv 
a cotton bandage Tlda method shoidd be employed in shoulder 
plasters liip splcns and ahvni'B after operation on lunba wiioro 
a tourniquet has been used and after operation on compound 
inj linos 

General inftmctloni — Caro must be taken to see that droiw of water do 
not fall mto the tm of plaster bandages donng the operation A bandage 
IS put into a bucket of warm water to which salt a drachm to a pint has 
beou added The bandage sboidd soak until air bubbles cease to nse Ihinng 
the application one bandage muat ahrays be m the water roed\ for nso 
Using both hands the eoake<l bandage is grasped at each end between the 
finger and thumb the finger and thumb being pressed together so that no 
plaster can escape The two ends are approximated and pullCHl apart again 
Tlio concertina like movement eipreeses the required amount of water and 
the first 0 in onlj of the banda^ is unrolled and handed to the surgeon 
who grasps the bandage in his right hand and the unrolled part m Ills left 
The bandage is applied evenly without any tension and the hand is passed 
over each layer smoothing it out before the next is applied The plaster 
should be moulded firmly over all pronunences such as the malleob the 
knees ond the antonor superior spines of the ilium The assistant supporting 
the limb should do so with the flat of Ins hand and not with his fingers 
otherwise the indentation eo produced maj lead to a plaster sore 

Plaster itrips — ^Theeo ore made m different lengths as required the 
necessary length being determined by measunng with a strip of cotton 
bondage first They can bo made by rolling a bandage backwards and 
forwards on the plaster table smoothing each layer over before the next is 
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thickness can also be made Bandages and strijis sliould be stoied in laige 
/me boxes It will be found convenient to keep those lequned for current 
needs m biscuit tins painted black, with the size of the bandage marked on 
each tin 

As a rule the home-made bandages aie piefeiable to iDi 02 Hietai 3 ’’ ones 
They aie less expensive and the}'- bind better when applied to the tiuiik 
Howevei, the pioiirietaiy biands have advantages individual bandages 
contain moie piaster, consequently a lighter cast can be made over the 
extremrties Dry plaster stirjis can also be made and stoied nr the same way 
as plaster bandages To have the strips leady-made saves time 
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Plaster work, where possible, sliould be carried out in a specially equipped 
plaster theatre Essentials are as follows — 

Plaster of Pans bandages 
Stockinet in various widths 

Felt — grey felt is the cheairest, and if placed over stockinet can be 
tolerated by the patient It is about 1 in thick, but can easily be 
stripped into smaller thicknesses 

Ordinal y white cotton-wool, rolled nr bandages 6 m wide, 6 ft long and 
one-half of the thickness in Avlnch it is usually sold 
Brown wool, wood wool or dressmakers’ wool, which should be doubly 
sterilized if it is to be in the inoximity of abrasions or wounds, as it 
may contain tetanus siiores 
Cotton bandages 
Strapping (adhesive plaster) 

Webbing straps 
Flexible aluminium strips 


THE APPLICATION OF PLA8TER OF PABIS u05 

(d) ToumiQHeJs — Ploster ib sometimes applied after nn operation has 
been performed with a tourmqoot on the limb Here impadded plasters 
must not bo used A woollon bandage flrml\ bound on with a cotton 
bandage is the method of choice as this seems to make a cushion of sufficient 
hfieniostatic proastiro without causing nndno obstruction 
'■When mterference with the circulation is suspected the limb should be 
elevated to an angle approaching the perpendicular to prevent venous 
staais which might cause further obstruction 

Preventtov of oiBcunATORr OBSTRUCTION — Toes and fingers must be 
mspocted carefuUv during tho first twontr four hours Swelling mav take 
place after a fracture but if the fmotnre lias boon rodncod this should not 
cause senous circulatorv mterference Provided the toes remain pmk and 
warm there is no cause for alarm The spectrum of circulatorv disturbance 
and gangrene is ns folloa's — 

Pink red purple blue black Tho black of established gangrene is of 
academic interest only Pmk and red are normal Purple or 
blue indicates senous mterferonco and tlie plaster must be 
bi valved or cut throogh In plostore nppbod after open opera 
tiona it is important to oat the plaster and dressing down to 
tho skin A dressing soaked and hardened with blood within a 
plaster cast is a firutful source of impoinnont of the blood 
supply to that limb If circulatory ob^ruction is anticipated 
it is nn cToellent practice to cut a gutter 1 in wide through the 
plaster right down to the akin (Fig 450) before tbe ploster has 
set This provides an ample safety valve for swolhog and does 
not disturb the position of the bones Cuttmg down tbe plaster 
and opening it out rohevea circulatory obstruction but it often 
falls in mamtammg the poartion of the fracture 

Plaster sores occurring m the akm In the proxinnty of the 
edges of tho cast are duo to swellmg beyond, or faiiuro to round 
off the edge of tho plaster The edges of s plaster should 
slwajTj be turned back with the underlying etockmet and eased 
bgneath with the fingers If edges of the cast hare to bo 
tnmmed, they should bo out straight through or even sloped 
towards tho inner aspect of the plaster thev should never be 
out so that a sharp edge is loft Should a sore occur m the 
situation under discussion proasuro most bo rebeved by a longitudinal cut 
in the plaster which oan then be Lfted from the region of the sore 

Plaster sores are also caused bj irregularities m the plaster and b} iiudne 
preesure at certam pomts Irrogulanties m the plaster are dne to errors m 
technique undue pressure to faulty nuramg 

Plaster sores should be suspected when the patient complains conaistonth 
of peln at one site for two or three days If an odour of sepsis is present 
the plaster should bo removed locally so as to display the painful area 
If a sore is present It should be cleaned with spmt dreaeod with flavine and 
parafiin, and fteeh plaster laid on over it It should be remembered that 
when treated a sore la bound to heal tho zruuntenance of position for which 
the plaster was appbod Is of much greater importance Therefore as a rule 
the removal of a plaster on aecoimt of a sore is to be condemned 
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applied The strips may be trimmed with seissors or a knife before applica- 
tion to accommodate them to the various regions 

Stnps are rapidly produced by means of a metal drum The bandage is laid on the drum, and 
the drum turned with one hand by the handle m the centre The strip is constantly smoothed over 
by hand, and when it is of the required thickness it is cut through the sht m the drum 

When applying the strip it should be cut tlirough to a third of its width 
in the region of a flexed joint, such as the angle of the elbow and over the 
heel, as otherwise the plaster will wrinkle and is hkely to cause sores 

The use of strips is to be preferred m all plasters, but when applying casts 
to the limbs they are essential It cannot be stressed too strongly that a 
circular bandage apphed to a limb vnthout a prelirmnaiy stnp oi strijis is 
dangerous 

Elaster_of ^Paris sets m appioximately ten imnutes All the time the 
plaster is hemg apphed it should be rubbed and smoothed , this makes 
for stabihty and hghtness The thiclmess of a plaster is no criterion of its 
strength, as if it is not rubbed in there will be air between the layers, making 
for weakness A smooth interior is more important than a smooth extenor, 
but the latter is pleasmg both to the patient and the surgeon 


CLOSED PLASTER TECHNIQUE OF WOUNDS 

Aftei thorough wound excision m the case of a lecent wound, or debride- 
ment m the case of a visibly infected wound, the ivomid is packed In the 
former case dry gauze, vasehne gauze or gauze impregnated with cod-hver 
oil , each have then advocates D:^ gauze should never be used in infected 
wounds 

Whenever the closed plaster is employed for wounds vasehne should 
be rubbed into the skm of the entire hmb on which the plaster is to be 
apphed, otherwise the discharge from the wound seeping imder the jilaster 
maj^ cause dermatitis 

COMPLICATIONS 

Interference with the circulation — Causes — (a) Plaste') ai^phed too 
lightly — This should never occur Actually, plaster of Pans expands veiy 
shghtly when it sets, but this is no excuse for putting tension on bandages 
durmg their apphcation 

(b) Un'padded piasters ovei umediiced fiacluies — This is a serious error 
Ah unreduced fracture is an impediment to the circulation, and additional 
obstruction m the shape of plaster encasement may prove oveiwhelmmg 
It IS absolutely essential, therefore, when applying a complete unpadded 
plaster, to make sure that the fracture is reduced 

(c) Reduction of the angle of a joint after the plaste) has been apphed but 
befoi e it has set — This is a common fault, and occurs chiefly at the elbow and 
ankle The assistant holdmg the hmb may have allowed it to sag to an 
angle greater than the usual 90°, and this is then corrected after the plaster 
has been apphed It will cause the plaster to ruckle and mdent on the 
anterior surface of the jomt, and will result in (at least) a sore The plaster 
must be allowed to set with the limb m the position m which it was apphed , 
the only alternative is a fresh plastei 
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THE DOBSAL STRIP FOR A OOLIiES’ FBAOTURE 


Twenty layers of Cellonn bandage (Fig 451) or tlie equivalent m liome^ 
made bandages are nsed The strip sboold stretch from the head of the 
mctacarpals to just short of the elbow joint Tlio comers 
should be cut with the strip either wet or dry Removal 
of comer \ allows free movement of the first metacarpal 
and removal of comer R prevents the plaster from pressmg 
against the biceps tendon when the elbow is fleved The 
V sbajied piece of plaster cut out on the opposite side is 
to permit ulnar adduction of the wnst ^^en the wnst 
IS fully adducted the pomta C and C| should be in contact 
Appllcstlon — Stockinet is appbod to the arm ond rolled 
up to the elbow as a prelmunaiy to reduction. After 
reduction the forearm is held bj an assistant and the 
stockinet pulled down 
into position Itshonld Iw 4fil 

overlap the length coliei fr»ctQr«. 
of the Stnp b\ 1 m Jletbod of nittitis 
at each end The wet tboitrip*. 

stnp is then placed m 
position care being taken to see that it 
roaches midwn\ over tho palmar surface 
of the wnst and covers the entire dorsal 
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surface It IS then bandaged into posi 
tionwith a 2 in cotton bandage starting 
from below up \\Tien set tho stockinet 
should be oulTwl back over tho plaster 
and the edges smooth! v roundetl A 
strip of 2 in strappmg socuroe the 
sto^net at tho proximal end and also 
holds tho cast m position. A similar 
piece of strapping secures the cast 
over the wrist-joint Two strips of 
strapping half an inch in width anchor 
the palm to the plaster crossing over 
the strapping bohmd These are in turn 
anchored by a further 2 in piece of 
strappmg at the wnst (Figs 472 and 
453) 


Precmutloni — ■ 

(а) The upper end of tho piaster should not press against the biceps 

tendon m flexion of the elbow 

(б) The plaster ahould be carefully moulded over the head of the 

ulna This xa a common oito for a plaster sore 
tc) The^ge of the plaster should be careful(y roimded off at 
Ju metacarpal so that free movement of 

tho thumb is allowed 
t-T 
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THE DORSAL STRIP FOR A COLLET FRACTURE 
Twent\ layers of Cellonn bandage (Fig 451) or the equivalent in home- 
made bandages are used. The stnp should stretcb from the head of the 
metacarpals to just short of the elbon joint The comers 
should be cut inth the stnp either wet or dry Removal 
of comer -V allows free movement of the first metacarpal 
and removal of comer B prevents the plaster fium pressing 
against the biceps tendon when the elbow is flexed The 
V-ehaped piece of plaster cut out on the opposite side is 
to permit ulnar adduction of the wnst W*hen the wnst 
» folly adducted the pomts C and CJ| should be m contact 
Application — Stockmet is apphed to the arm and rolled 
up to the elbow as a prehmmary to reduction. After 
reduction the forearm Is held b\ an assistant and the 
stockinet pulled down 
into position It should 
overlap the length 
of the stnp bv 1 m. 
at each end The wet 
stnp IS then placed in 
position care being taken to see that it 
reaches nudwav over the palmar surface 
of the wnst and covers the entire dorsal 
surface It u then bandaged into posi 
tion with a 2 in cotton bandage starting 
from below up WTien set the stockinet 
should be cuffed back over the plaster 
and tbe edge* smoothly rounded A 
stnp of 2 m strapping secures the 
stockinet at the promnal end and abo 
bolds the cast m position A smular 
piece of strappmg secures the cast 
over the wnst jomt Two stnp* of 
strapping half on mch m width anchor 
the palm to the plaster crovmg over 
the strappmg bchmd. These are m turn 
anchored bv a further 2 in piece of 
strapping at the wnst (Figs 4 >2 and 
453) 


(а) The upper end of the plaster should not press against the bicep* 

tendon m flesaou of the elbow 

(б) The plaster should be carefollr moulded over the head of the 

ulna Thu is a common site for a plaster sore 

plaster should be carefuDv rounded off at 
the of the first metacarpal so that free movement of 
tbe thumb is allowed 

6 
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(cl) The strapping on the palm will have to be leplaced m two or 
tliree days, as it will have become slaek 
(e) The plaster should not extend round the fifth metacarpal bone 
in front, as this will hmit full flexion of the fingers 
(/) An ample gutter should be left betiveen the maigins of the stiip 
to allow foi swelling 


COMPLETE PLASTER OF THE WRIST FOR A FRACTURE OF THE 

SCAPHOID BONE 



A stiip similar to that foi a Colles’ fiaetiiie is used, and also a stiip 
3 in vnde and slight]}’’ shoitei on the palmai suiface These aie applied 

ovei stoekinet with the VTist m slight 
doisiflexion, and aie bandaged into 
position by a 3-in plaster bandage 
Should the stiips oveilap, the redun- 
dant paits aie cut awaj’’ (Fig 454) 
This bandage gups the thumb as far 
as the metacaipo-phalangeal joint, and 
also passes between the thumb and 
the index fingei round the head of the 
o 1 1 1 X X X second metacaipal bone (see Fig 455) 

Scaphoid plaster Plostor stnps m position m. i i’*' i ^ a 

‘ The 3-in bandage can be compiesseci 

with the fingei s until the 
plaster bar which it forms is 
half an inch m width only As 
the plastei is settmg it should 
be carefully moulded into 
the jialm (Fig 455), and at 
the same time the patient 
should flex the metacaipo- 
phalangeal joints of the fin- 
gers to 90° so that the plastei 
does not extend furthei than 
the transverse crease of the 

palm The stoclanet is cuffed , ^ ^ 

back and secured by a plastei Eio 466 

bandage (Fig 456) Mctliod of moulding plaster n ell into tlio palm 



Precautions — 

(а) The fiist metacarpal bone should 
be completely immobihzed 

(б) The plastei should be moulded 
carefully into the palm 

(c) The plaster will require loundmg 
off in the region of the second 
metacaipal head 

(cl) Ninety degiees of flexion at the 
metacarpo - phalangeal joints 
Completed scaphoid plaster must be possible 



Fig 450 
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COMPLETE PLAflTEE OF TTTR FOBEAEM AHD BOHLER FINGEB 
SPLIHT FOR FRACTURED PHALAKOER ETC 
A 3 in Tilde plaator etnp i8 nindo similar to tbo anterior btnp m the 
ricaplioid plaster This is applied over stookinet as in the scnplioid plaster 
and Is bandaged to the forearm with one 3 ui jilaster bandage The finger 
Bpbnt 18 applied nn|uidded while the jilaster is gtfll wet and bandaged to it 
by another plaster bandage The distal part of the splint is padded and the 
fractured finger is straiipod to it Tlio sphnt is then flexed to the requisite 
angle to maintain nxluction of the fmeture 
Precautionj — 

(rt) The upper cud of the splint should not indent the plaster but 
should lie comfortably on it 

(0) Tlio jilostor should not extend so far distnlK as to interfere with 
movement'^ of the other fingers 


POSTERIOR GUTTER PLASTER FOR FBAUTUBEfl DT THE REGIOK 
OP THE ELBOW-JOUTT 

A gutter plaster w to l>o preferred hero liecanao of the danger of isclircima 
due to the groat swelling which niaj take place in these fractures 

AppUeatfon— A strip of the required aidth 4 m fn childron and 0 in 
in adults, is made tlio precise len^h find lielng carofullr ascertained It 
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flliould extend from n iximt 3 in below the acromion to 2 m below the 
wrist joint (Fig 437) The inner and upper angle ahould bo ent off and 
both lower angles should be folded over on themselve* The distal end of 
the plaster folded over supports tbe hand without hrmting the movements 
of the wnst After the fmctiwe is reduced the plaster is opphed over 
stockinet It la out tlirough to one-tlilrd of its width at the angle of the 
elbow end the overlapping jxirtions are carefully moulded together It is 
then bandaged on with a 3 in cotton banda^ starting from lielow (Fig 43S) 
67 A 
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Aftei it has set it can be fuitlier anchored by a figure-of-eight cotton bandage 
passing from the foiearm to the upper arm Either a sling or collar-and-cuff 
may be necessary as an additional support 

Precautions — 

(a) An amjile guttei should be left on the anterior aspect 

(b) Care should be taken that the plastei does not extend too high 

m the axilla 

(c) The plaster should be sufiicienth'^ stiong to support the weight of 

the forearm m flexion 

THE COMPLETE ARM PLASTER FOR FRACTURES OF THE 
FOREARM AND ELBOW 

It IS necessaiy to maintain traction while this plaster is bemg apiihed. 
An assistant grasps the thumb and mdex finger m both hands, the patient 
being recumbent Counter-traction is obtained by means of a webbing strap 



F:o 469 Fio 400 


Traction and connter-traction for fracture 
of the forearm Traction is exerted on 
thumb and index finger only 


Plaster strip being applied Note that it 
18 cut through one-third of its indth foi 
accurate apposition at the elbon-jomt 


attached to a wall bracket (Fig 459) Stockmet should have been previously 
apphed 



Fig 461 Fig 462 


Stnp bemg bandaged on bv 
4 -m bandage 


Palmar view Note mdentation caused bj 
pressure of thumb and finger This is a 
potential source of plaster sores. 


Application — ^A strip is made exactly similar to that of the posterior 
gutter plaster above (Fig 460) A 4-in plaster bandage is now apphed 
smoothly, startmg from below up (Fig 461) It should be carefuUy moulded 
over the crease of the elbow A useful precaution is to place a piece of wool 
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2 in square m the crenso of the elboTi It will be found that the webbing 
mterfercs with the npphcntion of the bandage to the upper part of the arm 
bnt when the plaster is sot immediatoK above the elbow the traction can 
be removeil and the upper part of the plaster completed The stockmet 
IS cuffed back and secured bi a plaster bandage m the usual wav (Fig 402) 

Precantioni— 

(а) Tlio frncture must bo reduced A complete plaster applied over 

an imreduced fractnre nia\ cause eenous obstruction to the 
circulation 

(б) The plaster must not encroach on the axilla 

(c) Caro must be taken that the angle at the elbow is not decreased 
after appheatron of the plaster but before it has set This 
will certainlv cause a sore and maj cause gangrene If the 
angle of the elbow is nnsatisfactoiy a new plaster should be 
applied 


THE SHOULDER SFIOA FOR FRACTURES IH THE REGION OF 
THE SHOUtJ>EE 

Thw ncs with the hip plaster m being the most difRcult to epph satis 
factonli The optiraiun position is in 80 of abduction mclming forwards 
to 45 with tiro oUww at an angle of 00® In order to fix the shoulder at an 
angle of 80 it will be found nocoasaiN to applj the plaster with the shoulder 
at an angle of at least 00 of abdaction^ as the arm ahrajra comes down a 
httle m plaster due to pressure on padding and soft parts With a consoioos 
oo-openitmg patient bj far the easiest method is to applv the plaster with 
the patient sitting down holding a bracket on the wall (Fig 403) or with 



his arm held by an nscatant IMth a patient under an ana»thetic 
or recumbent for any other reason an ortlrop®dio table may be used or 
if this is not available the patient s buttocks should bo supported on a 
^Ivio rest or wooden box and the opposite shoulder raised on sandbags 
rhe arm wffl then of course be held by an assistant A patient in a prone 
pooaon with his arm allowed to hang over the edge of the table (Fig 404) 
Is also in a suitable position for applving a spica This method be 
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adopted in opeiations on the slionldei -joint ivlieie a jiosteiioi appioacli i 
used 

Application— tStockinet of appiojniate widths covei the tiiink the am 
and the opposite shouldei the pieces of stockinet aie sewn togethei h 
foini a rest A light AVoolIen bandage is applied to the tinnk an e\tia la>e 
being placed ovei the anteiioi snpeiioi spines and also in the axilla and tin 
ciease of the elbow It is bandaged on smoothly ivitli a 0-in cotton bandage 



Figs 4C5 and 400 

Shoulder spica Dmgraniinatic application of stnps Stnp 7 is m the shape of 
a figure of-cight, ending m tlio a\nlla 


All alternative method is to use felt applied as in a spinal jilastei jacket (see 
p 610) Reven plastei stnps will be necessaiy, six stnps 6 in ride and 
one 8-111 stnp (Figs 46.) and 466) A stnp is applied to the aim as in 
the iiostenor guttei plastei, and is bandaged on, as in a coiiijilete aim 
plaster, with a 4-m plaster bandage Befoie this has set the second stnp 
IS applied It extends from ju.st above the elbow well into the axilla and 



Fig 407 Fio 408 

Second stnp being applied to arm, axilla Fourth stnp, similar to third, but passing 
and side of tnink bohmd 


along the side m the axillai3'^ line to 3 in below the ciest of the ilium (Fig 
467) It should be cut through one-thiid of its ridtli in front and behmd, 
so that it can be opposed accuiateh’’ to the folds of the axiUa It is then 
bandaged to the trunk The third stnp extends from just above the elbow 
up into the axilla and obliquelj'^ acioss the front of the trunk to 3 in beloAV 
the opposite antenor supenoi spine It is similarly bandaged to the tnmk 
The fouith stnp extends from just above the elbow up into the axilla then 
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acroea the back of the trunk to 3 m beloR the opposite crest of the flium 
(Fig 468) The next strip is appbed do-vm the unaffected aide It extends 
from 2 m below the a-ulJa to 3 in below the crest of the lUnm (Fig 409) 
These strips are bandaged to the trunk by sereral 0 or 8 in plaster bandages 
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Fifth ttHp appbed dcnm onAffe^ed atrip p*aainj{ Toood cbnt Thta atrip 

aide will c i vr ria p Kaelf in tbe a\in*. 

The ^-in strip extends round the base of the trank 3 m below the crest of 
the ilium If the patient is sitting down it abould not encroach on his thighs 
m flexion The kst 0-m strip extends round the cliest at tbe level of tbe 
upper margin of the plaster (Fig 470) Its ujiper limit is 2 in below the 
op]^)oaite axilla and it may be made a bttlo longer so that it overlaps itself 
m the axilla on tbe aSected side Bimng 
appbcation the plaster should be constantlv 
moulded over the bonv prommenoee such as 
tbe anterior iliac spines and monlded well 
into the axilla The plaster cad be trimmed 
Into a V-shape (Fig 471) over the chest to 
allow for respiration or alternatively a round 
epigastric window can bo out The etookmet 
Is cufied over m the usual way If doubts ore 
entertamed as to the abihtv of the plaster to 
hold the arm m abduction, a strut of plaster 
can be made extendmg from the elbow to the 
region of the crest of the ihum but it is pre 
ferable to omit this if possible as in that case 
the patient will be xmable to get bis coat ou 
over the plaster Additional aids to stabdjt% 
are aluminium strips and the extension of the plaster over the op\K»\te 
shoulder 

precautioiis — 

(o) Careful moulding of the plaster mto the axilla is essential If 
air 18 allowed to rom^ between the strips an apparently 
thick plaster will inevitably give way 
(6) The plaster should be carefuUv moulded over the internal epi 
condyle of the humerus This is a common aito for a sore 
and the preesure mar even cause ulnar paresis 



Fro 4 1 

Complrted thfmldgTijJf*, t rlmmwd 
into » V-th«pe ovw oh«t to *Iknr 
for rwpbmtlnei. 
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(c) Caie should be taken that the plaster is brought down low enough 
over the ihac crests It can be trimmed anteriorly to allow 
flexion of the thighs, but if it is not low enough it will chafe 
the skin over the spines of the ihum 


LOWER-LIMB PLASTERS 

Tliese comprise — 

1 The below-knee plaster foi fractured metatarsals, tarsal bones, 

Pott’s fractures and fractured tibiae 

2 The below-knee plaster mcorporating pms or wire 

3 The above-knee plaster for fractures m the region of the knee- 

joint or fractured tibiae above the lower third 

4 Suigle hip spica for fractures m the region of the hip-jomt 

5 Double hip spica 

BELOW-KNEE PLASTER 

The shortest plaster apphed to the lower hmb should be long enough 
to extend fiom the tibial tubercle to the tips of the toes Any plaster 
shorter than this will not give sound fixation Moreover, it will almost 
certainly chafe the skm of the leg at its uppei hnut 

Application — The patient hes on his back, and the thigh is supported 
by sandbags with the knee bent Stockmet is apphed to the hmb It 




Fig 472 


Fig 473 


Below -knee plaster Stockinet and felt 
applied ancl maintained by strappmg 


Postenor strip bemg 
apphed 


extends beyond the toes, and is grasped by an assistant who thus supports 
the hmb (Fig 472) A posterior stnp is made, its length bemg detemuned 
by measurmg with a cotton bandage It reaches from just below the knee 
to the tip of the big toe It is apphed over the stockmet, and is cut through 
one-third of its width on each side at the angle of the heel It is folded back 
over the little toe so that it extends for half an mch only beyond each toe 
(Fig 473) The plastei strip is then smoothly bandaged to the foot and leg 
bv a 4 oi 6 in plaster bandage The stockmet is cuffed back and secured 
by a plaster bandage v hen sufficient thickness has been reached 

Precautions — 

(a) The angle of dorsiflexion should not be changed while the plaster 
is settmg This is one of the commonest causes of a sore or 
gangrene 
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(6) Tho stockirrot should not be pulled down too far at the iipiwr end 
of the plaster This mar cnuao tho rollorl up plaater to press 
undul\ on the skin 

(c) Tho distal oitremiU of the plaster should not force tho toes into 

dorsiflexion It should bo well moulded to the instep but 
should then bo quite straight or in tho neutral |Kwition 

(d) The plaster on tho dorsal aajKJct of tho foot shouhl roach tho cleft 

of the toes cxncth and Bhould neither loft^ o a spnco nor encroach 
on the toes Alovoniont of tho fifth toe should not lie restnctecl 
Unless tho toes are Hup|>orted on their plantar nsfiect tho\ are 
apt to get contmctiuoH Am plantar flenon is conaidcmbh 
stronger than dorsifloxion wanting of the plantar floxoru is not 
likel\ to occur therefore nioienient in this direction is purposch 
limited Dorsiflexion of the toes m encouraged thronghout 

BELOW KHEE PLASTER INtJORPORATHfO PDCS 
Iicxpienth fractured tilnre aro treated on a screw traction npiwiratiu. witJi 
Steiiuuann pins through tho upper end of tlie tibia and through the os calcis 
Tlie pm apertures nro Kjaled ofT b\ gauze and inn'-tlsol and the plaster is 
then Rpph«l to tho skin directh Tlio distance from the upiwr to tho lower 
pm is moa«urc<l proci-y>l\ and two 4 in stnjH of exactlv tho rcqiurod longtii 
are applied The\ should ho conifortablv with their tipi>er and lower limits 
ahiittmg against each jmi and Hhoold meet exaeth in ftont and behind anA 
rwlundant i>art being remoiod Tlio\ arc handnged togotbor b^ n 4 in 
])laster bandage and n J in liandnge inc<»q>orates tbe pms above the limit 
of the^e strips bv a (Iguro-of-clght movement }>oth in front and Iwhmd 
A. iiofttenor strip is applied from the upper pm to tlie tips of the toe^ This 
IS made I m longer than is noceasan ami ib doublwl back oi*er tho foot 
wrlncli raako for additional strength The plaster is then flnlslied as in tho 
usual below knee plaster Corks are applied to the pins and incoqiomted 
in the pla',tor 



ABOVE-KHEE PLAOTEE 

T*"* ^ apphed over stockinet It ahould reach the upi)er hnut of the 
*“'8^ 2 m ui width is bghtl\ jiacked with wool nod the result 

mg sleeve of wool is applied round the upper hunt of the thigh A conM^ious 
oo-operating patient can assist bv holding it in position (Fig 474) Tlj^ 
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plaster differs in no other respect fiom the below-knee plaster, except that 
the posterior strip reaches from the uiiper hmit of the thigh to the toes, 
and should be carefully moulded round the knee-caji (Fig 475) 

Precaution — The plaster should be apphed with the hmb m the neutral 
position If it IS apphed with the limb widely abducted, it may be found 
that it presses in the pubic region when the hmb is adducted again If it 
IS apphed when the hip is flexed, it may be found that it presses posteriorly 
when the hmb is m the neutral position 

Walking plasters — The patient can walk by moans of a Bohlei non or 
by means of sorbo jiads The Bolder iron (Fig 476) is 
moulded to the con- 
tours of the plaster by 
a spanner It should 
extend H m beyond 
the end of the piaster , 
and should be in the 
central axis of the 
hmb It IS attached 
hy means of a 3-m 
plaster bandage ap- 
phed in the foini of 
a figure-of-eight, and 
both hmits of the 
iron should be con- 
nected by plaster by a further figure-of-eight across the undei surface 
(Fig 477) 




Fig 470 

Bohler iron ■mth 
spannerforbend 
mg it 


Fig 477 

Bolder iron being applied by figure of eight 
bandage It sliould bo exactly m the long 
axis of the limb This illustration shows that 
it IS placed a little too postenorlv 


SINGLE HIP SPICA 

This IS piobably the most difficult jilastei to appl}^ correctl}^ uith the 
possible exception of the shoulder plaster A smgle spica may be sufficient, 
but both limbs may have to be included The patient is idaced on the 



Fig 478 Fio 479 


Hip spica apphed on orthopicdio table for jj ^ apphed on shoulder and 

delayed union of femur Note wobbmg sup- ^ ^ pelAo supports 

port to prevent backward angulation ^ 


orthopaedic table, and his feet are seemed to the foot-pieces by plaster-of- 
Pans bandages or strappmg (Fig 478) If an orthopaedic table is not 
available, an alternative method is to rest the shoulders on a support, con- 
sisting of a vooden box 6 in m height, while the pelvis is supported on 
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a metnl pelvic support (Fig 470) 
T1u8 will nocessitnte each leg iKing 
hold by an assistant The arms are 
Hexed at the elbo\% and bandaged 
together 

Application — Stockinet w appbed 
to the bod\ and log and connected 
by strapping One lft\’er of wool is 
bandag^ to the pelna and firmly 
secured by a 8 in cotton bandage 
Extra wool 18 applied o\’er the antonor 
snpenor spines If a reallv tight 
fitting plaster is required one layer of 
felt half on inch thick over the an 
tenor supenor spines wnll be Bufficiont 
Plaster bandages are then applied 
ovenl\ no area being undnly neglected 
When a thickness of apfirorioiatelr a 
quarter of nn inch has been reached 
reinforcing stnps are laid on Five 
stnpfl (Figs 4fi0 and 481) will be 
req.iuro<l 0 in wido and 2 ft long 



DiifnmauUetppUeaticnofatri^ 
are ihe mtntmmn number Jlare iB4y to 
•pfilWd If rofWdewI necernwj 


Theee arc appbed as follows — 


1 On the antonor aspect of the limb from the knees to the opposite 

costal margin (Fig 4S2) 

2 Sumlarlv on the postenor aspect 

3 Hound the lower margin of the plaster on the opposite side from the 

groin to the gluteal region (Fig 481) 



4 Postenorlv over the lower nbs 

s From the gluteal region to the lower Imut of the plaalor 0 m above 
tto anhle or if the foot a being included, to the tipa of the fooa 
The foot and ankle if not inclndod ahould lie rtrapped mth 
elastoplost to limit swelling 

A 
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'I'Jie hitnpb bliould not be too thick, and should lie mnootlily WJien 
bandaged on, no air should be left between tbo strip and the plastei One 

alumnnum strip may be applied ft 
passes from the upper limit of the 
plastei on the afTected side along the 
lateial aspect to just above the knee 
(Fig 484) It should be moulded to fit 
the plastei, and coveied with one layer 
of plaster liandage befoie applicatfon 
Trimming the plaster — The eoriectly 
applied plastei spica should extend 
upwards towaids the axilla on the 
unairected side, and downwaids well 
below the ciest of the ilium It should be tiimmed in tlie shape of a V or U 
o\er the epigastiium foi resjiiration (Fig 485) 'j'he posteiior window can 
be cut in two ways, either a narrow tiiangle which just exposes the natal 
cleft, 01 a Avide aicli, the edges of whicli aic clear of the tubei iselni The 
tuber iscbii should be either suppoited by plaster or completely fiee, and the 
plaster should not be trimmed so that the tuber isclni lest on its edge A 



Yjo. 484 

Aliimiiiitim fitnp (]o\ni outer aHjK-ct 



Fio ISA Fjo 480 


j\na f(jr tuniinmj' mapped out 
md( libic peneil 


iStoelimct culTed Iwek and hceured by Htrap 
pmg I’JaHler of PoriB ih Ijettor, as Btmpping 
\\j)) notfitiek uiitjl the next da-v 


nariow triangulai aperture extending to the upjier hunt of the cleft is to 
be preferred After trimming, the stoekmet is cuffed over and seemed by 
strapping oi a plastei bandage (Fig 480) In turning the patient to trim 
the plaster behind, the plastered limb should be kept uppermost, and not 
used as a ]e\ei on which to turn the patient '^fhis point should be ob«eived 
m nursing 


DOUBLE HEP SPICA 

I'kis IS made m a similar way (Fig 487), but the limbs should be con- 
nected by a fioss-bar of plaster This is made by twisting a strip several 
times, bending each end to a length of 4 in and bandaging it on to both 
thighs with a figurc-of-eight plaster bandage (Figs 488, 489, 490, 49J, 
492, 498) 
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The stiips should not be too thiek, and should he smoothly When 
bandaged on, no air should be left between the strip and the plastei One 

aluminium strip may be applied It 
passes from the uppei limit of the 
plastei on the affected side along the 
lateral aspect to just above the knee 
(Fig 484 ) It should be moulded to fit 
the plaster, and coveied with one layei 
of plastei bandage befoie application 
Trimming the plaster — The conectly 
applied plastei spica should extend 
upwaids toAvaids the axilla on the 
unaffected side, and downwaids well 
below the crest of the ilium It should be trimmed m the shape of a V or U 
o\er the epigastrium for resjiiration (Fig 485) The posterioi window can 
be cut in two ways, either a nanow tiiangle which just exposes the natal 
cleft, or a ivide arch, the edges of which aie cleai of the tuber iscliii The 
tuber isclm should be either supported by plaster oi completely free, and the 
plaster should not be trimmed so that the tuber ischn rest on its edge A 



Fig 484 


Aluminium strip doum outer aspect 



Fig ISI Fig 480 


Area for tnmming mapped out Mith 
indelible pencil 


Stockmet cuffed back and secured by strap 
ping Plaster of Pans is bettor, ns strapping 
11 ill not stick until the ncxd; da}' 


nanow triangular aperture extending to the upper hunt of the cleft is to 
be preferred After tnmming, the stockinet is cuffed over and secured bj^ 
strapping or a plaster bandage (Fig 486) In turning the patient to trim 
the plaster behind, the plastered hmb should be kept uppermost, and not 
used as a level on mIucIi to turn the patient This point should be ob^eived 
m nursing 


DOUBLE mP SPICA 

This IS made in a similar way (Fig 487), but the hmbs should be con- 
nected bv a cross-bar of plaster This is made by tivistmg a stnji several 
times, bending each end to a length of 4 m and bandaging it on to both 
thighs with a figure-of-eight plaster bandage (Figs 488, 489, 490, 491, 
492, 493) 
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latter l>eing 0 in 
longer tlmn the 
length oftbo patient 
for doubling bock 
ONerthochc^ For 
groator epccd tlicee 
strips aboiild bo 
made in advance 
from dn propno 
tary bandages 
Application — 
Plaster la applied 
over two laiTrs 
of stockmot and 
felt A layer of 
felt 4 In wide and 



Fio*. 466 utd 4tr 


^ m thick CX hpItuU pWlcr PtagT*mia*lki »ppQc*tk*i of itriw. ytriw 8 and 9 
tends round tlie a mhI 4 Strip a U foWed ud oq Itwlf otw the 

DIac crests until 



It meets over tlie centre of tlie abdomen 
where it w secured by strapping or if 
preferred is stitcbcd to tho stockinet 
A second etn]> of felt 8 in bv 4 im by 
J m is strapped to tho upper part of 
tlio chest (Fig 408) and a third strip 
2 m mdo extends from the npper 
margin of the felt over the crest of the 
iliiun to tho upper limit of the plaster 
wluch 18 usnalK the third or fourth 
dorsal vertebra (Fig 409) Six mob 
plaster bandages are apphed carefollv 
and emootldy Wlien a depth of i m 
has been reached two plaster strips are 
applied posteriorly extending fixim the 
upper to the lower limit of the plaster 
fixim the fourth dorsal vertebra to 3 in 
below the crest of the ilium Tliev He 


side bj side and meet in tho middle 


line Two similar strips are placed 
antenorbr but their inner margins are 
separated b\ 2 m Tlie 8-in stnp is 
applied from the pubis to the upper 
part of tho chest (tig >00) It is then 
folded back for a durtance of 0 in Its 
upper margm lies In contact with the 
claviokfl Tho plaster bandage does not 
actually travel over tlie shoulders but 



the plaster is carefully moulded round F®- ^ 

the neck and partlcularb in the Dsht-ta, «trip bete* *ppUtU, 
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SPINAL PLASTERS 

'Jliese compiise — 

1 Spinal plastei oi spinal jacket for fractuied spine 

2 Spinal lieds 

SPINAL PLASTER OR SPINAL JACKET FOR FRACTURED SPINE 

Tins IS apphed m liyperextension The two-table method of Watsou- 

Neither the patient’s buttocks nor his 
shoulders should be supported by either 
table, or _full hj'perextension will not be 
Hbtamed Watson- Jones’ method acts 

chiefl}'^ on the lunibai legion An alter- 
native method ivlnch is particulaity 
efficacious for i eduction of fractures of 
the dorsal spine, is illustrated m Fig 495 
Further reduction may be obtained by an 
injection of Pentotlial during the apphca- 
tion of the plastei Of the two methods 
the latter is usually the more satisfactory 
Of necessity the application of the plaster 
m the two-table method taxes the endur- 
ance of the patient , he undoubtedly suffers pam, and this cannot be 
obviated, as his co-operation is necessary'^ 


Jones may be used (Fig 494) 



Fig 494 

Position for appbcation Both the pelvis 
and the shoulders must be elear of the table 



Fig 495 


Position for applying plaster for fracture of the dorsal spmo Pentothal causes relaxation 
and aids hypercxtcnsion and reduction 

Good team-work is essential for speedy’^ appbcation, and as plaster sets in 
just mider ten mmutes, no longer should be taken Nme strips (Figs 496 and 
497) uill be necessary, eight of them 6 in in breadth and one 8 m , the 





Tltl vrPLICATION 01 IJAHTJlt (>> lAllJM (JIJ 

(6) Tlio i)lnKtor sliould oTtond up to tlio fourtli dorenl \ortobrft boliind 
A common error is to imngino that it is not important to bring 
tlio plnstor uj) high behind but it must bo brought up flufTioionth 
bigli to innintain tho patient in li\'pcroxtonRion 
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(‘repvmUcm of UUo f >r fitavtrr bnl bmali 
■uidfa*;! for i ] JFW in mtiT usULaj' 
to Mpantn firU OrMNCfl mMklntothm 
ivpar^tnl by <1 in. Hxw vfU le poUotl oot 
ftt tLr end. and «III wparmte tbr patlmt 
from tho l»il ultbont (llwonifdft. 


SPIHAL PLASTER BED POR FRAOTDRED SPINE W HKRE A MOEET CANNOT 
BE APPLIED FOB SPINAL PARALYSIS, DISEASE OF THE SPINE, ETC 
SlieotH of miislln impregnated with not piaster ponder are uwkI re 
mforced hj jilairtcr irtniM Tiio bed uaiiallv oxtomla from the sliouldcrs 
to just alK)\o tho knccH hut the head 
or the logs ma\ lie lucludotl if ncco^«a^^ 

Tlio lidl llliwtmted in ^lg "«> » ovtondH 
from tho head to just nhoto tho knees 
■\roasuromontH arc pro\nouHl\ taken of 
tho detenmned length and also from 
aenumon to ncromion bight iucIich 
nro nddctl to both 

n length and width 
nn<l (f tho head is 
being included Its 
Khajio IS roughit 
cut out (b'ig »00) 

Application — ^llio 
jiationt Ilea on his 
face on two mnekin 
tosiiCR KO|iamtod from oacli other bj 4 in a Handling 
liotwcon lus feet and bis knees Hojmmted b} 8 to 12 m 
The mackintosliOM nro puUwl out on tlio completion of 
tlio planter and free tho lied from the patient with 
tho leant Inconvonlonco to the jsitiont Plio forehead 
should rest on a 
\or* Hmnll saudling 
and tho jinticnt 
should bo well 
greased with 
vnKchiio (Fig i07) 

An onIinar> hIwxI Imsln is linirilllod 
intli planter powder and warm water 
18 iKuinxl in tho jiowdor being inixo<l 
to a jiasto until it reaches the con 
sistonov of cronm (big >08) Two 
labors of muslin aio gmsficd bj tlio 
comers and comiilotoly immorbod until tIio\ nro imprej^imted with jdastor 
(big jOO) They arc then lifted out and pIaco<l over tho jiationt (Fig IIO) 
Tlio first layer is tlu) most important and should bo carefully wmootlicd out 
until no wnnklos arc loft Hound tho nock tho muslin should be cut tliroucb 
on oaol. Bjdo until it Im nccumtolt (Rg II I) Tlio lunWant nt tlio unnor end 
should place Ins Imnd on tho small of tho jiaticnt k Imck while tho nsnlstant 


Fm w 

T»«ity thcrti of d 
lin «rt out reofbly to 
Ihr of tbr bom 1 

■ nJ tnmk. 



Fin .,0" 

IVt^IIoo of potloat for iptoml pi* tci 
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infraclaviculai IioUoms (Fig ">01 ) Tlie Iomci extieimty of the plaster is 
also caiefulty moulded ovei the pubis and in tlie gioins l^'oin moie 6-111 
stiips aie apphed tivo on the lateral aspects passing doivn fiom each axilla 
and two on the anteiioi aspect 3 in apait (Fig '■)02) 




Fic 501 

Caiofii] jiioulflijig III tlie claMciilai itgioii 


Trimming the plaster — W hen tiie plastei has set the patient is tinned on 
Ins back, a pilloM being placed in the coneavit\ of the spine, and the aiea 
for tiiinining is mapped out nith an indelible pencil Ample loom must be 
left for the aims ancl a V-.sliaped apeitme is made foi the neck The plastei 
should be ti mimed auav until it does not encioach on the flexed liips (Fig 
") 03 ), and it nil] he found tliat this tinnming has to be earned lateially 

faithei than Mould be ex- 
pected The plastei must 
<ilso be tiimmed behind, so 
tliat tlie jiatient can sit -with- 
out discomfoit An eiiigastiic 
Mindo-\v can be mapped out 
foi lespiiation (Fig “>04), 
but this should not be le- 
moved until the next day, 
although advantage ina}^ 
be taken of the fact that 
the plastei is soft to cut 
thiough t-\\o-thiids of its cu- 
cumfeience This can be 
done b-y cuttmg tivo aics, 
Minch can easily be con- 
nected If kyphosis IS piesent 
and it IS impossible to 1 educe 
it com2iletel3’-, a nanoM longi- 
tudinal wmdoM should be cut ovei it , this should not extend laterally to 
the edges of the postenoi stiip of felt 

— Precautions — 

(a) The plastei should extend up to the clavicles and be carefully 
moulded into the infiaelavicuJai hoIloMss This is very 
commonlv neglected and is Mheie the maximum correction 
should be obtained 




Fig 50S 

C o in p 1 o 1 1 spinal 
plaster !Xmet^ tl( 
grets of flexion at 
tlie hip joint IS 
allowed 


Fig 501 

( ompk U spinal plaster The 
■•tfKkiiiit has not xct Ijciii 
lufTod liatk Xotc that the 
pis'.!!! leaches w( 11 up to the 
ila\ ic It s 


THE ATPLICATIOV OF FLASTEB OF PAHIS 


OIC 


IB now xucd nnd tlio remnimnK aheeta are appbed (Fig jl4) It will be 
fonml that no more than three {Hiira of aheets can Iw lujed for each basin 
Twenty sheets in nil nre nan nile ample 
It H nn error to cut the plaster liotwcen 
the legs It should be allowed to lie on 
the tnlile between t\ie Vega and abould be 
folded back above the knees if the feet 
are not included 
'When the window 
for nunimg la cut a 
lair of ploator w left 
connecting the legs 
nhich makea for nd 
ditional fetrength (Fig 
>15) The planter la 
hftod off by three 

people (Fig 610) the macklntoahea first being puJle<l out 
It siiould be baked near a furnace for twentv four hours 
and then mounted on a wooden frame as in Fig 017 
supports for the arms a mirror and a book nwt being 
added The plaster can be lined with aorbo or felt, and 
htockinet aewn over it Sorbo is more c-omfortablo for the 




Fio flU 

flnkbed off bj dxr >beet of 
mosBa to mAie it gmontb. Thb b lift^ 
off aftcvnnnlf. 


Gosi;let« cluter btd 
— posterior tJct 
\ ote vladov for 
irardat tupped oot 
tad oraes-au st A, 
vUd mskes for sd 
ditknsj rtrof^ 


patient but felt is cheaper If the patient is mcnntinent 
a sheet of }aconet can be inserted under the buttocks and 
tho head of tlio frame lifted slightlv so that secretions will 
run downwords 

A planter )ttd made by this method is veij strong 
nnd should easily last a year or more Its strength is 


mcreased bv the constant rubbing in between the apphcatlon of sheets 



Fio rfie Fio ol" 


PlMtcr being Bfltd off carofany The IlMter bed moonted on frmioe 

toMlintoeli th*et» been fraJled ont Tbe Jemw Hmlk h*xe not been 
frotnbeknr inehxW. 


eep^iaUy at areas like tho neck and the buttocks An anterior plaster 
■heli m»y he made m a nmilar manner so that the iwfient can be 
turnetl on hia free without disturbing Ids immobOiiation 







G14 


METHODS OF IMMOBILIZI^'^G THE LIMBS 


at the lowei end pulls the plaster down between the legs If tins is not done 
the ti action on the plaster niaj'’ cause it to rise up from the loins The plaster 
should he carefully moulded over the ihac ciests and along the rihs (Fig 



Fici 508 


Fjc 509 


^Mixing tlic plaster 
paste 


Double sheet of jnuslui being 
fed to become impregnated itli 
plaster paste 




Fia 510 


Fig 511 


Wet slicet being laid on 
patient 


Sheet being cut through m region of necK 
for accurate apposition 




Fig 512 


Fig 613 


Careful mouldmg oi or crests of ilium 
and loms 


Lateral stnps bemg 
apphed 


512) This apphcation is lepeated a couple of times with successive layeis 
of plaster, makmg six layers m all (Strips should then be used They are 
placed as follows Longitudmallj'^ on the outer aspect of the plaster thiough- 
out its entire length (Fig 513) longitudmallj'^ from just above the knees 
to the loins , and transversely across the shoulders A fresh basin of jilastez 



CHAPTER L\ 


methods of applying extension to the limbs 

BY ADHESIVE ffTEAPPDIO 


T he thief cnticisnxs levelled at atmpping extension or© — 

(a) Tliat imtntion of the skin foUoira prolonged apphcation of 
strapping and 

(b) that sufficient tension cannot be applied hi skin traction alone 
Regarding the first cntioism ortliimn iinc-oxido strapping uhen left 
in position for wgveml weeks often produce® jiainful imtation blistering 
and superficial ulceration of the skin winch can 1« rohevod onlr bj removicg 
the strapping If, liowovor a non imtative material is used such as the 
ordinan Leaho s Holland strapping or the Flexoplast orthopfedio strapping 
skin imtation does not occur This m the case of Hospital strapping is 
due to the non irritating coinposition of the adlicftive material of ahioli it 
IS made 


Colophoni 
toad plaster 
Hard soap 


^ ^ Applied on a strong 
^ I ennras fonndation 


lien thw strapping is npphed to tlio skin correctlr it can be left in 
place qiuto safolv for six to eight weeks when powerful extension is being 
used 

Regarding the second cnticuini the suppoeod mefficiencn of this type 
of extension is not a vahd objection Sir Robert Jones and those trained 
by him have proved that skin traction Is adequate providing various nureing 
details are attended to carefoUv No diffioalt\ is eipenenced in attaching 
sufficient weight to obtain fiill lengtli of a fractured limb indeed, it is a 
compamtivelv simple matter to produce overlengthemng b\ this means if 
such la desired 

Tlio outstanding adiantage of strapping as a medium for applying 
extension is its entire freedom frum the dangers wluch although slight are 
inherent in any typo of skeletal traction 

For many j'eare strapping extension lias been used with success in the 
treatment of fractures of the shaft of the femur indeed, the value of the 
method reaches its lenith in those cases Details of its application will 
therefore be presented, 

Preptrlu* eiteniion rtrapJ — Straps must be of the proper length 
extending from T in above tl>e site of the fracture to just bekrw the malleob 
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REMOVING PLASTERS 

Plastei slieais are probably the favourite instiument, but surgeons have 
individual preferences It is convenient to have a variet}^ of plaster-removing 
instruments 

In removing a plaster fiom a hmb it is important to cut it through 
completely on both sides, so that the top lid can be lifted off, especially if 
the plaster has been applied to immobilize a fractured hmb Cuttmg through 
one side onl}'^ and breaking the plaster open is to be condemned It is possible 
to break down union or even fracture a bone bj' so domg Soakmg the cast 
vnll alwaj’^s render it soft, so that it can be cut through by a scalpel easil}" 



Fic 120 — Plaster cutter with curved blade Spreading forceps 


An electricallj" driven plaster remover is not onlj’- mefficient but is also 
dangerous An ordmarj^ meat saw is a most efficient instrument and will 
remove the thickest plaster It should be used m a senes of zigzag cuts 
The removal of plasters ma}’^ be rendered easier by the mcorporation of 
metal stnps which can be cut down upon, or by the mclusion of piano wire 
which will actuallj^ cut through a thm plaster, but it is, however, doubtful 
if thase measures are worth the trouble involved when appljnng the east 
A further important pomt is that the surgeon who puts on the plaster is 
seldom the person who takes it off 

Post-operative plasters should have a vnndow cut in the plaster at the 
time of operation This can be completed when the sutures are due to be 
removed and ■mil save both the patient and the surgeon trouble 
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MPTItODS or AIM^INO TXTINHfOV TO TUf TIMBK fllU 


malk'oli (k*ig >2 •) Vt tliU ]K>{nt tlio guiiro bandagu ccuunfl to }>o appliorJ 
over tlio Mtmppmg it ih pa)i.‘«?<I iHinoatli tho non fullioront 
attarliinrutK <if the wj(k tapr'K IIiuh tlic oTtrcmiticH 
of tho HtmiM am hoimnitod from tho wkiii 
tlm^i tiiniH of tlio guur-o Immlago 
u lii( Ii i)ic\entH pmi'iMio on lHin\ pfiinta 
\y^ n Hlioulrl Ik» notc<l part{rtilnri\ that 

( losH Mtnipping Ih no\or cinplovtvl J* n 
(irrhng plnstor Imnds nro liable to prodiKt) 

Huolliiig niul o'floiiiii a comlitioii uliiili 
prrdisiKiHLH to iniiHilo and joint ngn]it\ 

A w>ft Immlago is free from these Imnofiil 
jpfwsllillitirs niMl IH [lerfefllv effinont 

If tho limb IH to Ik) trcate<l on a TJioman 
Hlilint a piece of atroiig Immlago in tlirondoel 
tlinmgh oneti of tho uick tajic loops (noo 
M g 1 } and tniHtcfl into a corr! Ono 
cold imHHLH in front of tho outer Imr tho 
other jiaKscs liohiml tho inner Imr (Mg 
lib) f (Ik lent oxtoiiHion IH ninintalnorl In 
tviiig the tHo r-onlM tlghtlt over tho wii 
en\it\ in the tenniiml ciohh ploti3 of tlio 
HpUnt (Mg liO) Uheii Ktm)w are to l»o 
UH0<1 oil n liinli width Ih not iiclng trcntorl 
on a I liomoH Hpliiit a mKMlon Hproader 
Im an nrUantQgo Hio w*omlon wprotulor 
('an Ik IncorpomUHl m tho fltmpping umb»lr«tdr 
pliibh r Iwfoic itH applicntion (Mg ii7) r>r if tho 
palt( ni hIkjwii m Mg "iK jn nvnilahio It enn Ikj hiickled on to tlio atandanl 
Htm|iH alK)^o 


Khi Hinsr nrthf 1 
of p«U"lnR llrrT 
trnnkim inHm I 
th (ftr flf 
TImhu [dint 
tml tyiof (Ljpm 
wrf ihr tfrmi 
haJ W 



Flfl iJH 
A » o«b n ipmulrr fur 


BY SKELETAL TRACTION 

U\ t)il Ih iiKiim Irnr tion a|pplltHl dlicrth to Ibo lioiio W hon it w doHirod 
to appU r xteiision to tho lower limb tho |nMiit of tmetion iw a mattor of 
(iliout tin tiilierdf of 
lli( tiliifi (tml the os (aids 
an cadi mudi Injltor for 
tliiH |iur]¥Mo tlian iIh com 
djIcH of tb( femur Ik 
cnu>H of its him[)li<it\ and 
raw of iiiHortion Stem 
mamiK imM (| jy ,«n) 
r-ombiiKsl wilb llolilcrw 
HuivriMtimip is pn fembU 

to KirHchiKTH wup It is xmnmww Mig 

tna that the imil innkcH 

limn nfT»it l,v tlK- |(,riil(ii,v i,r «|n |„ ,„l mil mill tin, Halilliti of ilrill* 
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Two identical sections of the required lengtli aie cut fioni the hioad sheet of 
strapping (Fig 522) supphed by the makers They aie wide at the upper 
end so that after application tliey embrace the hmb, but tliej’^ must not 

toucli each othei either in fiont or at 
the back As the straps extend down- 
wards they become naiTower, the better 
to accommodate themselves to tlie shape 
of the limb, and in ordei that they may 
fit the vaiying contour, cuts of ^ to 
1 m aie made on both sides of the 
strapping (Fig '523) The lower pointed 
sides of the stiappmg are infolded twice 
longitudinally so as to ensuie a thick, stiong extremity Lastly, the free 
ends of a loop of wick tape having been incoiporated within the afore- 
mentioned bordeis, these are held securely in place by stitches embracing 
all sections of the stiappmg and the 
vnck tape (Fig 524) 



Diagram to sho^v mctliod of cutting strapping 
so that the tv o stnps may bo obtnmcd from 
one Icngtli of nmtennl {Varquhnnou ) 








doubly STITCHING 

FOLDED .wag- THROUGH 
EDGE''*^2ar ALLLAVERS 

'/alN 
WICK 
TAPE 


Fia ■)24 

Jlotbod of affixing lamp vuclv 
loops to tbo extremity of a 
strap 


Fig 523 
Outs are made 
at the side of tbo 
strapping, the 
better to mould 
it to the con- 
tour of tbo 
limb 


Application of the straps — Shaving 
the hmb is unnecessary indeed, it 
IS to be discouraged, for newly shaved 
slun IS tender and more liable to 
resent trauma The plaster is heated 
sufficiently to soften its adhesive 
surface The straps are apphed evenly on either 
side of the hmb, usually the inner strap bemg slightly 
anterior to the outer On no account must they over- 
lap, either m front or behmd The straps are held m 
position by a loosely apphed gauze bandage which 
extends over the whole of the strapping from its 
upper border to a point 2 in above the base of the 
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Sliowmg liow tbo gauzo ban- 
dage IS applied over tlio straps 
and tbon under tbe straps m 
tbo region of tbe malleob 
The method of attaclimen 
of a strong bandage through 
tlie loops of wick tape is also 
depicted 




METHODS OF AP^LTI^G E■VTB^SIO^ TO TKF LIMBH 021 

trauruatio surgen Its mam iiidioition w m cases of 
coinpoiind fractures of the phalanges where the corro- 
s(K)nd)ng flexor surfaces of tlie 
fingers are aoondod 

A Btainleas ateol ^ire 0 o 
Him thick is pushed twns 
vorseh through the pulp a 
quarter of an inch pronmal 
to itfl tip just in fiwnt 
of tho medial and lateral 
borders of the finger nail 
Brock 8 phi (Fig "SSS) or 
hflrquharson 8 pulp traction Sdmip for flnfler tne 
fmme fFiff JJ4) are botli ^ 

, X, ^ r lln#pr b Irv 

BroAipbi very efficacious for carrying » «om got •utorr- 

out this type of tmefron c*itW on » •trmJght 
Pulp tract Ion can be used in conjunction mth 

the Iwuijo Cramer inre sjilint (see p C->2) unti bed (f ) 

first-aid measures for APPLYDfQ KXTENSIOH TO THE 
LOWER LIMB 

Parhcularlv in caaes of compound fracture of the femur the best practice 
18 to appl\ a Thomas splint before slitting the trousers or attending to the 





wound Extension ou the booted foot can be achieved in several wavs 

(a) A clove hitch around the ankle (Fig ISo) This cmergonov expedient 
Is sometimes followed b_> pressure necrosis of the skin 
(Jeffrev ) 

(/*) WilUams extension brace (Fig >J<J) made of strong 
cloth strapping is a great iini>roveraent on (n) 

(-•) A skewer througli tho boot is efficient but takes time 
to insert it is not eaav to cnrrv out the neceesan 
transfixion in the hlack-out ^ 

(d) Pictons spnng clip (Fig '537) was made originally bv 
one of Pictons ambulance men This spnng clip 
of strong steel wire can be fixed easilv into the boot heel and 
provides a fulentm for efficient extension 
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to get out of order and spanners not to fit other instrument-makers nuts 



Fig o30 

Boliler’s svivel stirrup atB\cd 
to a Stcinmnnn’s nail 


A fulthei important pomt is the nsk of infection, 
winch IS inci eased movement of the foreign body 
m the bone , movement is obviated by the swivel 
on the Bbhlei’s stirruji (Fig o30) 

The insertion of a Steinmann’s nad can be per- 
foimed under local anassthesia, but, especially if a 
fracture has to be manipulated, nitrous oxide oi 
Ultra venous amesthesia is piefeiable 
Insertion of 
Stemmann’s nail — It 
IS only necessaiv to 
pamt the skin with 
lodme, nick it with a Fio 5 H 



scalpel and, IVlth the Max Page s nail holder 

nail 111 a bolder (Fig o31), hammer it straight 



Fig j32 


thiough the bone until it appears under 
the skm of the other side (Fig 532) Tins 
is then mcised with a scalpel, the nad 
tapped onwards for an inch or two, and 
the sturup sciev'ed into position 

The techmque of insertmg the nad in 
vaiious situations is as follows — 

(a) Thbough the tubercle of 

THE TIBIA — lo-cm by 
4-uim Steinmami s nad is 
diiveii througli the bone 
I m belund its ciest 

(b) Through the os oalcis — T he 

nad IS made to pass thiough 
the os calcis two fingers’ 


The nad is driven througli the bone untd its 
point appears under the skin, ivhich is rucked 
■mth a scalpel 


breadths behuid and below 
the malleoli 


In the upper limb skeletal traction is not often necessary A 4-mm nad or Ivirschuei s vire 
can be driven through the olecranon process and a fracture dislocation of the humerus reduced on a 
screw traction apparatus Occasionally a direct pull on the metacarpals is rcqiured and the mner 
four can bo transfixed with a nad or wire 

Removal of the nad — The stnrup is lemoved and the nad entrance and 
exit wounds, together with the nad itself, are swabbed with spirit The 
nad IS then pulled out vath phers Generally it is loose and comes out 
easdy, therefore no anaesthetic is necessary Agam the woimds aie swabbed 
with spirit, after which they aie covered with smtable pieces of flexible 
adhesive plaster dressing The dressings should remain m place for ten 
days or a fortnight, bi' v'^hicli time heahng is complete 

BY PULP TRACTION 

Pulp traction is consideied an obsolete method b}^ some siugeons, but 
there can be no doubt that it still letains a veiy useful place m 



CHAnjEll LM 

THE HSE OF THE THOMAS’ SPLINT 


I NTO tl» UtmUDre of thr ISiOm Hoph 0»ra ■rrirrtl «hh an 

brllef in the T»lae of proVMtrd, anlntmTip<rtl nnd ctmpltto In tbe bTBtmret of diKSJM 
•nd tnjnred tiwo«. Ho bad born tWply Inflorttced by the «ritinjn of lIDtoo on “ H«t iJid 
Pain," and hia eipcrience in tbo tiratiDrtJt of frartuira and dWaea of Jobifa aatkfifd him aa 
to the truth of tho»o teach in ga. 

TtwTm«« )(a4 fbrtcmate in [■» wfn|; Ibo oitchanicai abflitT to doriw afaipie and eoSeirat 
aplinla by ahkh theae princfpica cooid bo carried out an h b«an»e of the carp dkpla>rd In thair 
ctmatmetloo and the prokn^p’d tottbig to ableh cacb aplint iraa aubjocted, moat of tboHi are itTO 
in dally uac 

The long eenea of gphntB denned bv Tbomaa includes the one which 
IB generaDv described as the Thomas Sphnt although ongmally called bv 
him the bod knee aphot (Fig »39) There la no jmrtlonlar reason whv 
this apparattw ahoiild have 
received the title of Thomtia 
splint rather than an\ of tho 
others Its easenbal feature 
IS its simplicity both of mann ^ 

faetlire and of application ephnt haouD ai Thomta va* caBed by the 

oH^lnator the bpd btm KpUct.'' 

CONSTE0(mON 

Thomas own description is as follows The splint iB made of round 
bar iron of good quahtv iron being preferable to steel on account of its 
greater ngiditj the thickness of the iron rods varying according to the an® 
of the patient Thus for a splmt to fit a child, 
bar iron of I'V m is sufficientlv strong wliilo for 
an adult patient the metul should be of } in 
gauge The sphnt is manufactured m tw eoctious 
each of which is made of tho same thickness of 
iron rod the liret an o\al nng as in Fig "MO 
mto which are welded two other straight sections 
of tho iron bar at opposite pomts of the oval 
as m the diagram Tlie inner bar is fused to the 
more open section of the oval at an angle of 120 
while the outer bar joins the outer maigm at an 
angle depending on tho size of the nng These two 
straight bars contmue downwards approximating 
slightly to each other for a distance of 0 to 0 in beyond the full length, of 
the limb to be treated where the two lateral bars aro fused to each other 
m tbo middle Ime in a junction somewhat like the letter W which permits 
the fixation of the extension tapes 
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ass 



methods or immoeilizino the limbs 
The MiUhank chp (Ijig 5S8) was and rotation 
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THOMAS 

KNEE 

SPLIMT 



I I A OHBStVE 
‘ ^PtASTER 
EXTEH Slows 


EWotiiJ minlreirwmti for Ibe of 

tnssut T!^ora».s TSMboA. 


TKL UBE Oi THE THOMAS SEI TXT 

trnction on the hmb the T»hoIe 
body maj ns the counter 

extonding force 

In using the Thomas spbnt the 
ertension or as ft should bo more 
coiTOotly dcficribetl the fixation of 
the hmh can be Applied adeqnateU 
m most instances h\ means of the 
ordmarv canvas hacked strapping 
usually described as hospital strap 
ping Tbw IS non irritating and 
may be left m position for six or 
eight weeks 
Occasionally on 
account of skin 
destruction it is 
impossible to use 
strapping and 
skeletal traction 
must be apphed 

tliroagh the tnberoeiH of the tibm or some otlier smtable 
bonT point 

If the ortension strap® from such skeletal fixation nre 
tied at the W end of the splint as nbon stropping is 
used then Thomas theory of complete rest and fixation 
IS being emploj-ed but if as is so frequenth seen weight 
and pulloi extension la emplo^'efi at the same time then 
tlie Tliorans spbnt is being used simply as a hammock for 
the broken bone 

Application ol a Thomai splint (Fig >43) — The 
\ appheation is a simple matter when the extensions 
have been bandogwl In position (aee p 018) Btead\ 
traction is applied to the limb the nng of the splint is 
tlireaded over the extensions and the foot and is then 
passed up mto position under the ischial tuberositi 

As A rule under arucsthesia there is bttle difficnlt\ 
lu obtaining full length of the hmb m a few minutes 
provided that the pull i 8 constant and the broken femur 
IS supported and kept in correct alignment ^Vhen full 
length lias been obtomed the wick or bondage ends of 
the extension strap* are firmlj knotted round the 
depteoslon at the foot of the splint An^ tendenoj 
towards loss of abgnment of the hmb by rotation of 
the lower fragment internally or extornalh can ensili be 
prevented bt the arrangement of the oxtonsjon strops 
^ round the bar* of the sjibnt If as^nemlly happens 
1 f 1 II 1 shows a tendencrv towards external rotation the 

rfafi of *^P should first bo passed over the front of the 

Thom* Lnrti splint Outer bar whflo the inner strap passes behind the bar 
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The metal fiamework forms the basis of tlie appaiatus, whose measure- 
ments aie simple, the length, as given pieviously, bemg m the adult 9 m 
longer than the limb to be treated, while tlie circumference of the oval 
lingjs 11 laiger than the circulai measurement of the thigh just below 
the gluteal fold Tlie addition of 1] in to the ciicular circumfeience of the 
huib allows space for the padding Avhich is subsequently added to the nng, 
and also foi the obhqiuty with Avhich the nng is apphed Although the 
angle betv^een the innei bar and the oval ring is 120° m the uncovered state 
of the splint, the addition of the felting and leather lining reduces this angle 


THOMAS’ SPLINT IN THE TREATMENT OF FRACTURED FEMUR 


Of the vaiiety of uses of Thomas’ splint, lefeience rvill now be made to 
its mestimable A'^alrie m treatment of fractures of the femoral shaft and 
condyles Thomas’ method is based on his belief that when the broken limb 

IS so controlled as to be completely and 
continuously at rest, all abnormal muscle 
spasm disappeais and union can then 
pioceed rapidly and efficiently 

To bring his theor}’’ into practice the 
limb IS “ set ” under an anaesthetic, which 
means that after bemg pulled to its 
normal length the hmb is so immobihzed 
that secondary muscle spasm is prevented 
and the tendency to displacement dis- 
appears (Fig 541) Occasionally, when 
the fracture has occurred some days oi 
Aveeks previousl}^ it is impossible to 
restore the full length of the hmb at the 
first “ setting ” The remaining shortening 
must be overcome gradually To accom- 
phsh this — Avith or AAuthout tlie help of 
an anaesthetic — the extension apparatus 
shown in Fig 542 is fastened to the splint 
end After a few hours further length is 
gained by pulling firmty on the extensions, 
folIoAved by fixation as before On each 
occasion Avhen ti action is apphed, furthei length is obtained This 
jrrocess can be repeated every few hours until the full length of the 
limb has been attained Fixation must be continued until union is 
com plete 



Fig >4] 

Tlio usual method 
of maintaining c\ 
tension m the ease 
of fraetured femur 
treated in a 
Thomas’ splint 


Fig 542 

Seren-ond attach 
ment, valuable 
vhen it IS impos 
sible to restore full 
length of the hmb at 
the first “ setting ” 


This belief of Thomas m the efficiency of complete immobilisation eontmsts cbrcctly mtli the 
other new of fraeturo treatment, m which the shortcrung of the limb and the oeerriding of the 
fragments are corrected by tiring out the contracted muscles by weight extension, the theory being 
that the greater the spasm the more weight should be apphed until the spasm is oeercomo By 
this means full length of the limb can be obtained, but the method is open to the gra\e objection 
that imnceessar\ prolongation of the period of such traction can only lead to overextension of the 
hmb and separation of the fragments of the broken femur 

Rationale — In Thomas’ method the ischial tuberosity foims a secuie 
non-vulnerable counter pressure point, Avhilst in the method of continuous 
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ancle that some of the ligoments have been o\'onrtrotobed (Fig It 

mav bo stated os a nilo that prolonged fixation of a normal joint ivitb normal 



IncocTfCtlT *pplW iptat. Mo« of hmb brlo«- Iftrl of fpifat bar*. Ext«i*ioo 
Upr* No «opport foe hwL of kg »ad tblgli. of knro 

Ptnjj of bed knro fpUnt b*lf down thigh. fitemoIlT rotstwL 


miwctilatttre and nonnal circulation wiU not produce troublesome rigidity 
if the fixation has boen earned out In a poeition of slight flexion 

Wbro a coeapound fr»rtw of the femot k tompUisWod b% U» ptrteoco of di»cliM*in« «oaad 
on the rwvtcficc »#prot of Uk thijb, »aJ tf H bf coiuidfml odTimbie to drrw tbf wtmwl at faifernd> 
tlw ii«* of « iD0t«rb«£h >ptiot DUT bo ImpoMlbk. or W«*t ItuidvlMUti Is voch dmumUam 
ad«([Wr Koppvt oaa be gfm b/ ottog * «aHanina arrin of mnru (lings, Ybldi put between 
Uki Iwtml iMLn p osted to tbe Hmh. IVoe aliagt, S to to. wide (nro-dsetr eorb other slang 
tbe tm avTMllT (apportrd hr the bock *pUnl (brr sn atUehra ktmDj- br mtHj [dni or 
psper elip^ ao tut one hoction ib*t be rrmomi for drreug purpenee wKb^ IntniFrtng w-hh 
tbe georml rapport, 

\Vlien the back splint or the canvas alings have bean applied two 
aoc-eftron abort metal splmta are strapped m position to ndd still further 
stabihtt to the area of fracture Tliese are placed on the anterolateral and 
anteromedial aspects of the thigh extending from just below the nng of the 
mam splmt to a point 3 m below the knee jomt Thev are moulded and 
padded to fit tbe normal curves of tbe hmb and thev with the poetonor 
splmt already applied are strapped together forming an almost complete 
metal case 

UmlUtioni ol tbe mlint — The splmt is not equalh effective m the 
treatment of all fractures of tbe femur it was not designed for tbe treat 
ment of fractures m tlie neck or trochanteno region 2so fracture of tbe 
femur above a Ime tlirough the lower border of the leaser trochanter with 
separation of tlie fragments can be e/fiaentli controlled hi a Thomas splint 

Smular objections are not apphcable to the treatment of fractures of the 
lower end of tbe femur It is often stated that a supracondvler fracture of 
the femur must alwai-s be treated with the knee bent to a right angle on 
account of the acute backward tilting of the upper end of tlie lower fragment 
This position of defornuty which in entirelv attributable to muscle spasm 
can be corrected bv a simple fixation as for a fracture of the shaft of the 
bone The back pad behmd the knee is made slightlv larger the fixation 
IS earned out as alreadi desenbed and if the method w persisted m m 
tefligenth a senes of radiographs will demonstrate the restoration of align 
ment The correction does not occur u«niediatel\ but extends over a 
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on the inner side (Fig 544) The straps are now passed once 
or t\vice round their corresponding bars, in this way removing 
their pressure from the malleoli ivithout dimmishmg the 
efficacy of the fixation By appl 3 ang the inner extension 
straps slightly farther forward than the exact centre of the 
limb, stdl further internal rotation can be obtained if this 
IS found to be necessary 

Accessory splints are now added to complete the fixation, 
the most important of these being the straight metal gutter 
back sphnt, which supports the limb postenorly from 2 m 
below the gluteal fold to the lower third of the leg, bemg 
held in position by shngs passing under it from the lateral 
bars This sphnt is so adjusted that when its supporting 
straps are in position at least two-thirds of the thigh lies 
in front of the lateral bars of the mam sphnt and only 
one-third, or even less, remains on their posterior aspect 
The importance of this point can be understood by 
studying the shape of the femur, with its anterior bow which 
must be restored if the function of the thigh muscles and the 
normal mechamcs of .the knee are to be retained As the 
thigh IS supported in front of the lateral bars of the Thomas 
splmt (Fig 545), the knee-joint must also be mamtamed m 
a shght degree of fiexion by the use of a pad, 2 to 2] m m 
thickness, placed between the knee and the back splmt 
This small degree of flexion of the knee prevents the rigidity 
of the jomt which mvariably follows long-contmued hyper- 
extension This pomt 18 of the utmost importance, as it 
Thomas’ splmt in seems to be generally accepted that prolonged fixation of a 
tSonppTicd* produces cripphng rigidity There is no doubt that 

cripplmg stiffness may follow prolonged fixation of a joint, 
but the rigidity is not attnbutable entirely to the cessation of movements 
If a jomt and its periarticular tissues are normal, and possess a normal 
circulation, even very prolonged fixation of that jomt can only produce 
troublesome rigidity when the fixation has been earned out at such an 



Fjg oIC 

Correct apphcation of the Thomas’ splmt Tlircc quarters of limb above level of 
bars of splmt Long gutter baek splint with pad behind knee and pad beneath site 
of fracture to preserve slight flexion m knee and normal anterior bow of femoral shaft 
Ring bttmg nght into groin and taking pressure on ischial tuberosity 
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anufl and often isith the urethra and at tunee even taking pressure on 
the ontenor superior epme of the ihnm 

If it is impossible to obtain a Thomas splint of oxaotlv the right size 
a small nng mav be made temporanft adequate by cutting through the 
oval ring just in front of tJie attachment of the external 
bar 80 increaamg ita diameter by leaving a gap at this pomt 
(Fig t>48) Smnlnrlv a splint in irhich tlio nng is too large 
mav also be used temporarily by placing a latge pad betiveen 
the outer portion of the oval and the outer aspect of the 
thigh therebv pulling the inner portion of the ring to its 
nonunl site under the isohml tuberoaity (Fig 549) Such 
alterations of unsuitable sphnts must 
only be regarded as tempomrv menstires 
to be used until the correctly fitting 
spUnt Is obtained and such sphnts 
should not be employed any longer 
than is absointeli necessary 

Probably the most common objec 
tion to the use of the Thomas sphnt 
concerns the difflonlty of preventing 
sores on the buttock and the mner ode 
of the groin over the adductor muscles 
Thomas himseH’ reellxed that in very „ *1° ^ . 
fat people in vbom the flesh of the 
buttock tended to bulge over all sides rattiag 
of the nng care was needed if akin 
troubles were to be avoided and be opnjng oct » 
suggested that for such people the 6sp> 

padding on the nng should not consist 
of more than two layers of felt together with the 
rw W9 covering leathersheath Sores in this type of patient 

of p»d • «phnt or In fact in any patient cannot lie avoided by in 
creasing the thioknose of the nng but rather by 
Mhiin notfer tbe Constant attention to the skin and prevention of 
uibeTorftj dampocss which is the invariable pretnOTor of sore 
formation In using tbe Thomas sphnt the nurse 
must be instructed to attend to the skin m the region of tbo nng at least every 
two hours during the first few days after its application The akm under the 
splmt is gently moved so that a new point of pressure becomes available 
between the nng and the ischial tuberositv while at tbe same time the 
whole area is massaged with a minimnm amount of surgical spirit which 
dnee and hardens the skm before the application of a thin layer of dusting 
powder This process is repeated constantly the mteryal which is about 
two hours bemg extended later to three and four hours but under no 
circumstances must the sldn of tbe bnttook and groin be left for long with 
out attentioru The use of a small amount of surgical spirit in this way 
is of the very greatest advantage but the use of excessive quantitiee 
and especially the failure to drj off all excess spirit predisposes to sore 
formatioii. 
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period of two to three weeks, and natiuallv iviU not occui if the fixation is 
constantly interfered with and the splint is fiequently leinoved foi inspection 
of the hinb 


ACCESSORIES TO THE USE OF THE THOMAS’ SPLINT 

As a lule no fixed foot-piece is necessaiv oi even desuahle a foot-piece 
fixed to the sphnt is often employed ivith the object of preventmg con- 
traction of the calf muscles and the develojiment of an eqiiinus deformiW 
of the foot, but its use has several disadvantages, the chief of which is the 
provision of a fixed point of pleasure agamst which the patient can obtain 
leverage, thus mimrmzmg the complete lest at the site of fracture which 
IS the essential feature of fractuie treatment If the foot is exercised freelv 
each day deformity is usually avoided, esiieciaUy if the extension stiaps 
have been coiTectly apphed, then' attachment to the skm ceasing at a j^omt 
at least 2 m above the base of the maUeoh The aukle-jomt is thus left 
free and unhampered for movements ivhich the patient must practise dailj^ 
These voluntary exercises should be implemented by daily passive stretclung 
of the calf muscles, the movement being performed while the limb is 
steadied by holdmg the ankle fiimly with the othei hand 

1 Balkan beam — Although not m any sense essential to the use of the 
Thomas’ sphnt, the Balkan beam with its countei weights can make the 
handhng of the patient much easier as legaids nursing and skin attention 
The patient can raise his buttock from the bed much moie easily, enabhng 
the nurse to attend to the skin of the buttocks and hips, an advantage which 
justifies the use of the beam, especially wheie the standard of nursing is not 
of the highest 

2 Foot rest to raise the sphnt from the bed- — This addition to the sphnt 
IS useful, preventmg as it does any possibility of pressure of the back of 
the heel on the bed, and allowing freedom of all movements of the foot 


GENERAL CONSIDERATIONS 

It IS often stated that the Thomas’ sphnt is extremely difficult to manage, 
and that sore formation in the grom, on the buttock, and occasionally in 
the region of the anterior superior spine of the ihum are the mevitable 
sequelae of its employment Other objections have been laised to the mter- 
ference of the rmg of the sphnt with the normal bodily functions, and it 
has been suggested that the use of the bed-pan and the urme bottle are 
matters of extreme difficulty These criticisms are entirely unjustified, as 
aU these so-caUed disadvantages arise from the siugeon’s failure to use the 
sphnt m the manner prescribed 

In the first instance, careful measurements of the exact size of the rmg 
necessary for the particular patient is an essential step If the cucuinference 
of the rmg is too small it wiU not pass up to its normal point of support on 
the ischial tuberosity, and by its tight gnp on the thigh must interfere with 
the circulation of the hmb On the other hand, if the ring is too large its 
pressure on the tuberosity is lost, and the img shdes upwards over the 
tuberosity and inwards to the middle line, mechamcaUy interfering with the 
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anna and often with the urethra and at tunes oven taking pressure on 
the anterior superior spine of the ihuiDu 

If it is mipoesiblo to obtain a Thomas splint of exactly the right size 
a small nng mar bo made temporanlv adequate by cutting through the 
omi nng just in front of the attachment of the external 
bar so increasing its diameter by leaving a gap at this pomt 
{Fig 548) Sumlarlv a splint in whiob the ring is too large 
may also be used temporariJj by placing a largo pad between 
the outer portion of the oval and the outer aspect of the 
thigh thorobv pulling the inner portion of the nng to its 
normal site imder the ischial tuberosit> (Fig 54D) Such 
altemtiona of onsiiitable splints must 
only be regarded as temporary measures 
to bo used until tbe cojroctlj fitting 
splmt is obtained and sucli splints 
should not bo employed any longer 
than is absolutely necessary 

Probabh tbe most common objoc 
tion to the use of the Thomas sphnt 
coDcema the ditBcuIty of preventing 
sorea on the bnttook and the inner side 
of the grom over the adductor jnnseJes, 

Thomas himself realized that In very ^ 
fat people m whom tlio flesh of the rinetMPaSdbr 
buttock tended to bulge over all sides ntxiot tbroo^ 
of the ring care was needed if skm 
troubles were to be avoided and he opming oat » 
suggested that for such people the 
padding on the nng should not consist 
of more than two layers of felt together witli the 
Fio 549 covering leather aheatb Soree in this typo of patient 

Uio of pod wttii « iplint or tn fact in any patient cannot be avoided bt in 
ensudng the thickne® of the nng hut rather by 
podUan nnder the Constant attention to the skin and prevention of 
kddaJ taberodty dampness Which is the mvanable pretrursor of sore 
formation In using the Thomas splint the nurse 
must be instnioted to attend to the skin in the region of the nng at least everv 
two hours during the first few days after its application The akin under the 
splint IS gently moved so that a new pomt of pressure becomes available 
between the nng and the ischial tuberosity while at the same time tbe 
whole area is massaged with a minimum amount of surgical splnt which 
dries and hardens the skm before the appUcation of a thm layer of dusting 
powder This process is repeated constantly tbe interval whicli is about 
two hours being extended later to throe and four hours but under no 
oiroumatancee must the akin of the buttock and grom be left for long with 
out attention The use of a small amount of surgical spint in this way 
» of the verj greatest advantage but the use of excessive quantities 
tod especially the faihire to dry off all excess spint predisposes to sore 
formation 
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The advantages of the Thomas’ splmt must always outweigh its dis- 
advantages It provides an easy method whereby it is possible to immobilize 
the lower hmb completely, to treat efficiently and easdy fractures of the 
femur, surgical conditions of the knee-joint, and in many instances fractures 
of the upper portion of the tibia and fibula 

1 Restoration of ahgnment — In no other method of treatment of 
fractures of the femur is it possible to restore the ahgnment of the bone so 
effectively and at the same time observe the correction durmg the whole 
course of treatment When a genu valgum or genu varum deformity is 
present the alteration of the ahgnment of the hmb is evident when the Imee 
is extended, but aU trace of the deformity may disappear if the knee is bent 
to right angles Similarly, if a fracture of the femur is treated with the 
knee m the flexed position it is impossible to be certam that the limb wiU 
be straight when the fully extended weight-bearmg position is assumed 
As the treatment m the Thomas’ splmt is earned out with the hmb practically 
m full extension, errors m the weight-bearmg ahgnment are avoided 
Similarly, vuth a correctly apphed postenor sphnt the normal anterior 
curve of the femur is preserved, and the normal hne of action of the thigh 
muscles and the knee-jomt are mamtamed without difficulty 

2 Full length — Although it has often been asserted that full length 
foUowmg a fractured femur m a healthy adult man cannot be obtamed 
by the use of fixed extension, the records of those hospitals and climes m 
which the method is practised prove the contrary Not only can fuU length 
be obtamed, but durmg the whole course of treatment the length of the 
broken hmb can be measured and compared with its fellow, thus preventing 
the unnecessary overextension and possible non-umon of the bone which, 
m some instances, have resulted from the excessive use of weight traction 
^^Tlen fuU length has been obtamed no further extension of the hmb is 
necessary or advisable , fixation alone is required to complete the con- 
sohdation of the fracture and to promote bony umon without excessive 
callus formation 

3 Transport — On this point the treatment of an mjury of the thigh by 
Thomas’ method is not open to any criticism Transport of the patient, 
even over long distances, is simple and safe, the bone is mamtamed m 
position without risk, and, if for no other reason, the use of the Thomas’ 
splmt m the treatment of fractures of the femur is ideal m war surgery 

The official figures of the results of compound fractures of the femur 
in the 1914-18 war are mdeed starthng Before the general use of the 
Thomas’ sphnt m the forward dressmg stations the death-rate from com- 
poimd fracture of the femur reached the appaUmg total of 80 per cent , 
whilst after its general apphcation the fatal results formed only 20 per cent 
of the total These official figures are of themselves the strongest advocates 
for its umversal adoption, and m this connection the words of Thomas, 
which I have previously quoted, seem to be particularl}'^ apt 



CHAPTER LVn 


THE USE OP THOMAS’ FRAMES 

AT the coiiuuencenient of tho 1014-18 war plostor of Pans fixation 
/\ was ns popular as it la to-day bnt the coraphcations which arose 
/ ^ fmni its mdiscriroinato use led Sir Robert Jones Inspector of Jlilitarj 
Orthopiedics to make the following statement I would luge mv 
young colleagues at the front to discard it altogether In war tune cases 
pass from surgeon to surgeon at short intervals If In the light of modem 
advances fixation of wounds about the hip is contemplated bv moans of 
plaster it is often better to postpone Ita application until the patient reaches 
hia final or semi final destination The removal and reapplication of an 
extensive hip plaster is bj no means a minor procedure 

The well known methods of immobihxation by means of the Thomas 
double frame and abduction frame will be descnbcd m some detail In 
the case of injury about the hip spine and buttock they will be found safe 
and efficient In their appUoation some little practice and experience is 
required and inexperienced nurses need some elementarv tuition 

THE THOBLAS’ DOUBLE FR&ISE 
Tins frame {Fig "WO) Is supphed by an} instrument 
maker One frame will fit many patients but for the 
first case the following measurements are required — 

1 Length from axilla to external malleolus 

2 From auUa to gluteal fold 

3 Qroumferonce of tho chest at level of mpplos 

Application — To apply the frame the patient is raised 
gently by three or four assistants and the apphance 
passed under him from feet to head The buttocks rest 
on either aide of the horse-shoe shaped gap m the back 
pad designed for nuramg purposes The wings of the 
splmt are pliable and should be moulded closely round 
the patient s bod\ es 2 >eoialIy at the bock The moulding 
should be accurate to prevent side movements A thick 
pad of wool IS placed under each knee so that the leg 
may lie m shght flexion These pads should never be ^ 

omitted otherwise genu rec urv a tum may result The ^ „ 

two small crutches which gnp the ankles should also be upt L 
well padded Fmally m the case of the simple double 
frame the knees are bandied firmly to the postenor bars and tho toes 
protected from tho weight of the bedclothes bv an improvised cradle 
031 
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Fio 551 

Thomas’ double frame 
applied 

(After Sit Robert Jones ) 


The frame is made mtentionally ivithout foot pieces, m 
order to prevent the patient exertmg pressure which 
rmght be transmitted to tlie hip or spine A hght 
plaster of Pans bandage or sandbags suitably arranged 
will counteract foot-drop 

If the frame is too short, the deficiency below can be 
made good by the application of postenor gutter knee 
sphnts If it IS too 
long, the back pad 'vnll 
require leadjustment 
on the framework so 
that the gap wiU be in 
the proper position for 
nursing purposes For 
the too long frames 
the pads under the 
knees will require to 
be larger and the heels 
will need protection 
by plaster of Pans or 
other means, as the}’’ 



Pfttient m a Tliomas’ double frame bemg 
transported 


Will he on the leg bars of the sphnt instead of below the 
ankle crutches 

Fig 551 shows the frame apphed. Fig 552 how 
admirably the splint is adapted for transport purposes 
It acts m fact as a permanent form of stretcher 


THE ABDUCTION FRAME 

This IS a modification of the Thomas’ double 
frame Extension m addition to fixation and 
abduction is secured and easily maintamed 
As in the case of the double frame, both hmbs 
are fixed >Skin extension is provided by 
strapping, and counter-extension by a smooth, 
well-padded leather grom strap The latter is 
apphed on the side opposite to the mjur}’’ 
The abduction frame as ongmally made was 
difficult for transport On boats, trams and 
ships the abducted hmb was a hmdrance The 
splint was therefore modified by supplymg a 
hinge (Fig 553) which permits the hmbs to 
be placed parallel durmg transport When the 
patient arrives m hospital the abducted posi- 
tion IS restored without difficulty Patients 
treated on abduction frames may be lifted 
and moved without pam and without dis- 
turbmg the extension Dressmgs can be 
changed witliout mterfermg with fixation If 
the wound mvolves the buttocks, the sphnt 



Fig 653 

Hmgcd left abduction frame 
(After Sir Robert Jones ) 
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ahould be modified bv the removal of a 
portion of the back part of the pad and the 
framework altered so that the wound escapes 
pressure (Fig 554) 

3Iany difficulties encountered b> the writer 
have bron gurmounted by the use of this 
frame and he can commend it with confidence 
to others who are not already famihar with 
its efficiency The measurements mentioned 
alread\ for the manufacture of the Thomas 
double &ame are the same measurements 
required by the instrument maker for the 
abduction frame but It must be stated whether 
it ifl for the nght or the left limb 

Application — ^Apply adhesive strapping with 
terminal loops to both sides of both legs as 
described on p 018 The neirt step is to 
apply the grom strap along the gluteal fold 
of the sound hmb carrying it round the groin 
to the buttons provided for the purpose on 
the splint wing Next apply traction to the 
injur^ limb tying the tapes attached to 
the plaster strapping to the notch on the end 
of the splint (Fig 555) Slight traotioa is applied to the nninjured limb m a 
smular manner This prevents biting of the pelvis Finally the knees 
with largo pads behind to prodnee alight flexion 
are bandag^ eeourelv to the posterior bars as 
previouslv described If the frame is at hand 
and the strapping and bandage m readmesa the 
whole application doce not take more than ten 
minutes 

As m the case of the Thomas double frame a 
long or short pabent can be equally accommodated 
by intelligent adjustments Tbo writer has made 
use of theee frames for many years and oontmues 
to employ them as a routmo in preference to plaster 
fiiabon As menboned alread\ the judgment of 
the mdiYidual surgeon must be the last word but 
in war when no two oases are ainre it is well for 
every suigoon to have at least two stnugs to his bow 
To thoee unaccustomed to the use of the frames 
just described certam mmor diffloultiea may arise 
In the first place they must make sure that they are 
properly constructed the two vertical bars must 
not be too far apart and the gap left in the pad for 
samtory purpoeee must not be too wide Such faulty 
frames allow the pelvis to shp back between the 
bars and the alignment of the mjured liTnh becomes * 
distorted The back pad or saddle is tied by tapes 



Fm 5M 

Left elxhjiTtloa fr uTTw 

(JflT’ Sv Jtiirrl Jnm ) 
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The frame is made mtentionally without foot pieces, in 
order to prevent the patient exerting pressure wluch 
might be transrmtted to the lup or spme A hght 
plaster of Pans bandage or sandbags suitably arranged 
vnll counteract foot-drop 

If the frame is too short, the deficiency below can be 
made good by the application of postenor gutter knee 
sphnts If it 18 too 
long, the back pad will 
require readjustment 
on the framework so 
that the gap will be in 
the proper position for 
nursing purposes For 
the too long frames 
the pads under the 
knees wiU requue to 
be larger and the heels 
wiU need protection 
by plaster of Pans or 
other means, as they 

wiU he on the leg bars of the sphnt instead of below the 
ankle crutches 

Fig 551 shows the frame apphed, Fig 552 how 
admirably the splmt is adapted for transport purposes 
It acts in fact as a permanent form of stretcher 




Fig 552 

Patient m a Thomas’ double frame bemg 
transported 


Fig 661 

Thomas’ double frame 
apphed 

(After Sir Robert Jones ) 


THE ABDUCTION FRAME 

This IS a modification of the Thomas’ double 
frame Extension m addition to fixation and 
abduction is secured and easily maintamed 
As m the case of the double frame, both limbs 
are fixed Skin extension is provided by 
strapping, and coimter-extension by a smooth, 
weU-padded leather grom strap The latter is 
apphed on the side opposite to the injury 
The abduction frame as origmally made was 
difficult for transport On boats, trams and 
ships the abducted hmb was a hmdrance The 
splint was therefore modified by supplymg a 
lunge (Fig 553) which permits the limbs to 
be placed parallel dunng transport When the 
patient amves m hospital the abducted posi- 
tion is restored without difficulty Patients 
treated on abduction frames may be lifted 
and moved without pam and without dis- 
turbmg the extension Dressmgs can be 
changed without mterfermg with fixation If 
the wound involves the buttocks, the sphnt 



Fig 663 

Hmged left abduction frame 
(After Sir Robert Jones ) 



CHAPTfiK L^TO: 


THE USE OF BRAUN’S SPLINT AND ITS MODIFICATIONS 

B raun’S gplmt for tho lon-er limb baa tbo great ments of mraphoitr 
and rtandardization One siio fita almost anj adult and does eqnnUj 
well for the nght and left sides The splmt was popularized by 
Bolder who added pulleys to the simple frame designed by Braun 
fn 1010 Bbhler aitbont destroying the simphoity of Bmim s splint 
adapted it for use in fnvoturea of both tho thigh and tho leg 

Smee that time many modifications and additions have boon desonbod 
The splint is mnoh nsod in Bntnm particularly for fraoturos below tho knee 
and thoro ar© two principal 
forms — 

(a) The simple frame 
Ulostrated m Fig 
WO for injnnes 
below the knee 
and 

{b) The Bmun s splint 
with throe or 
more pulleys, uaed 
for treating frao 
turns of tho femur 
Flemming s modi 
fication ifl more 
comfortable be- 
cause the movable 
lateral prolongation avoids pressure on the perineum (Fig 
a h and c) 

Other useful modifications are Fitzgerald s adjustable sphot which 
permits variable flexion of the distal fragment of a fractured femur and 
Forquharson s simplified wooden model The small additions snch as 
those iUustratod m Fig 557 rf and e, though occasionalh useful are not 
often nocosBarj 

Brann s splint compares favourably with Thomas spUnt in the treat 
ment of fractures of tlio lower limb although it is probably true tliat fixation 
of a fractured femur is more complete with a well fitting Tliomas sphnt 
when It is applied by a surgeon who has had special traming m its use 
SkeleUl traction — Providing tho sur^on remembers that non union 
may be caused by overextension skeletal traction is preferable to plaster 



BcunaaplinC TUa is the ooe-ptalfer model oaed for trcAttog 

frartvra of the and nbulk. Ivote hoT tbe buidsxe Is 

tight aodrr tho thigh but aOcm room for the cslf mo^W. 
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to the frame It should be packed tightly and evenly with lambs’ wool 
so that the metalwork cannot be felt through it 

Nursing — The nursmg is an important matter The grom strap exerts 
pressure on the ischial tuberosity of the sound side, but the skm becomes 
hardened and the patient gets used to tins pressure after the first coujile of 
days Durmg tins period the groin strap may be removed for five mmutes 
every four hours to enable the skin to be rubbed with spirit and powdered 
The strap is secured again m the same hole as before, but as much as 
possible over a different slon surface After the tliird day attention once 
or twice m the twenty-four hours is usually sufficient The nurse must be 
warned that any attempt at paddmg with wool is futile , it hastens the 
formation of a sore and mterferes with extension By placing a box under 
the transverse bar between the ankles the frame is raised sufficiently for 
washmg of the buttocks and for nursing purposes The patient is never 
taken from the splint, and loosemng of the bandages or grom strap must be 
forbidden 

I bavo obtained some information from a sister working for an eminent ortbopaedic surgeon m 
a. hospital wbore tlio frame is now in eonstant use Slie descrilicd lion to make the bed of a frame 
patient onec a week Tlio bedelothes arc removed, leaimg a blanket covenng tbo patient The 
patient, firmly bandaged on tbc frame, is lifted on to a trolley by at least four people, tbo mattress 
is turned top to bottom so that any blocks or boxes nlucb were used to raise or support the frame 
would rest on a fresb portion A clean bottom sbcct is put on tbo bed The draw-mackmtosh and 
draw-sbeet are folded to about 14 in mdo and tbc patient is lifted back In attending to pressure 
parts in tbc case of injury to tbo bip tbo frame may bo tilted laterally a fen incbes off the bed, first 
on one side and then on tbc other The patient is rolled sbgbtly over and supported by an assistant 
on the opposite side This monoeuiTo allows tbc band of the nurse to reach every part of tbo back 
It disturbs tbc patient least if one side of the back is done first and then tbo other Tbo buttocks, 
sacrum and Ion er portion of the back can be reached easily by raismg the transverse bar os mentioned 
above 

It facffitates nursmg, especially if there are postenor wounds, if the 
frame is kept permanently raised from the bed by three blocks of wood 
placed transversely eqmdistant across the mattress These blocks are 
36 m long by 8| m high They are not essential, and if they are used a 
number of bolsters and pillows are required to support the head A httle 
practice is worth pages of descrqition If the skm becomes red and pressure 
sores threaten under the groin strap, the frame should be fastened to the 
raised foot of the bed, so that the patient’s body-weight adds to the traction 
and reheves the pressure on the strap 
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plaeter extension Btrapping) ilonson 8 tubular gas pipe frame (Fig 558) 
is the best form of Balkan beam and can also be used for attacliing an 
overhead hand gnp 


THE SPAUf WKlliUT HAKQES *WP WEffiHTS 


Mr A- W Spain, CWk of Wort*. Roy»l \oHbem hw kfatdlj 

acpplml tite foUm ins drtnik of cu mt i u ttioa (Fig (UO). 

Hatcriilf rc QulnS lor f complets — ^Twraty-M^ (nchn of J In 

dknwtof rcroDd miUl ttnl for bnogrr frvoc i S-ln. dlsmetrry }'tn, thick mUd 
ttml dko for n right |mn qountltr of oU Imd piping ■»! Krap for cuting 
wHfffct*. 

Mrfbod d twmiTarliii a — A line l« (trork ncrow middle of 3-in. dl*c. 
A ^In. bole h then driOrd tt | In crntTr In from e«ch otrtrldr Tbr boln 
Are eoantemnk on the nadenUr 

The tTo cadi of SS<hi.y ^tn. mlU •tcel itrI is filed to * irdorcd diameter 
of in. to a diftance of j to. in from cacti end. thoa forming a fbonldcr 
Ibe adddle of tbli rod H tbrn brated and tbe rod pulled togetur around a 
piece of 1 In. diameter rterl rod. Thk In tnra la damped In a rice and both 
aide plerca pnlkd aroond to right angtra. Tbe | tn. mandill piece h tbrn 
rttnoied and tbe ahaped part tnirrtcd tn tbe ]a«r of tbe rice and gnppcd UghL 
Tbe tao aide pircea are nenr polled OTcr to an angle of fiO to tbm p cer fou a 
poahlon I tbia wfU brtng them 3 in. apart nemore from rleo and coot 

Tbe two redneed enda are Inerted tbroort bntce tn dlio piece and the 
I*o}ertlBg portion rireted orer tbe coonterctnUng 

wc^ta (Fig 530) are cart hy melting doim anj old acnp lead and 
poartng into a piotIH marWd oS In thkVneaaee to give Tartom aixe adghta. 

A abort piece of old 3-bi. pipe will make an admirable moold and tbe 
vHgbti vd cocM oert qnKe eaaOy If the izealde h smeared with chalk. 


A a eight li appmlmatdj ^ ^ 


thick finlabed 


If tbe velghta are ait a little foil ibey are mooh eabacced ia appearance 
by tnmiag a aUamiBg o0 each face to bring them down to tbe correct welgbt. 
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FBEFABIFO T HR BP T.TW T 

Tbo mechames of tbo splmt and the comfort of tbe patient depend on 
the splint being prepared properly and It is tnso to have a standard method 
of doing it A 6-m flannel bandage is passed tightly between the thigh bars 
of the splint (FJg 5.^7) and even more tightly over the angle where the knee 
jomt will rert Tlie bandage then becomes looser to allow for the calf 
muscles but is again tight at the lower end of tbe sphnt where the tendo 
AchiUis will he on it The bandage is held in place temporarily with 4-in 
paper ohps until a atitch of cotton has been run along the inner side of 
each bar holding the bandage firmly when the paper chps are removed 
The thigh shonld rest on the splint but the ahnga of bandage allow room 
for the calf muscles The aim is to keep the tibia parallel to the bara of 
the splint and m the same boniontaJ plane 


APPLTDTO THK gPLIHT 

Thia 18 quite easy if all the necessary equipment is at hand ^\e will 
assume that fracture boarda are in place and the bandaged splint is lying 
on tbe floor by the bedside The first step is to adjust the box for the 
sound foot This box is placed at tbe foot of tbe bed where It rests 
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Fig 567 

Braun’s splint modified by Flemming a, b, c may bo 
fixed to either side of splint, uducli is hero arranged 
for left bmb , d and c are removable additions useful 
for treatmg certam fractures of the tibia 
(Itoyal Northern Operative Surgery ) 

arms and plaster-strappmg for the sole of 


strappmg Heavy traction can 
be used safely durmg the first 
few days when reduction is 
easiest, but a weight ovei 8 
lbs becomes dangerous after 
a week unless a radiograph 
shows necessity for it 


EQUIPMENT NECESSAEY FOR 
USE WITH BRAUN’S SPLINT 

Detail IS most impoitant 
m using this splint, and the 
following equipment should be 
at hand (Fig 558) Fracture 
boards, 6-in flannel bandages, 
needle and tliread, one dozen 
4-in paper clips, a baU of strong 
blind-cord (No 5 is a good size), 
weights, 10-m bed-blocks, back- 
rest, a closed wooden box 
(25 X 30 X 40 cm ) for the sound 
foot, an overhead hand grip for 
the patient to hft himself by the 
the foot (3-in flexible adliesive 


OVERHEAD 
HANDGRIP ' 



MORIEON S 
OAS PIPE FRAME 

SMAU.WCIGHT 
ED BY 
strapping 
PLASTERTO 
EOLEOFFOOT 

CORDATTACHED 
Ito STIRRUPTO 
CORRECT DCTEBIAL 
ROTATION 


SPAIN S 
WEIGHTS 
STEINMANN SNAIL 

h bohlerS swivel 

STIRRUP 

ONE PULLEY 
BRAUN EPUNT 


BOX FOR FOOT OF 
SOUND LUVIB 

SPUNTTIED 
TO BED 


Fiq 658 

Tho treatment of a fractured femur on a Braun’s ono-puUey spbiit by skeletal 
traction from the tibial tuberosity Monson’s frame is bemg used 
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plaster extension rtrappmg) Monson’a tubular gaa pipe txame (Fig 558) 
18 the b»t form of ^Ikan beam end can also bo iiaod for attaching an 
overhead hand grip 


THE SFAIS WEIOHr HATOER AMD WKIOHTB 
Mr A t\ SpOn, Clerk of WorU, HojiJ Northeni IfcwplUl, Ji*i kJncIk 
laptitl ffl the folknring drt»Jh of coflttrortlon (Fig JMO) 

req ui itd (or MOh eomplctt onU — ^TwrQt/-«lT iodin of j-la. 
dkoKter rooud Twtkl »te»l for butgrr frUDo S-to. diainrtcrx J la. thick raOd 
■ted tfic for »dght j»a qourtHr of oid V*d pIpiDj; »nd icimp (or CMttnj 


TrirbU. 
nertbod < 


ol nannliotnre — A Un* ■tmok »cro« mkkOe of 5-ln di*c. 

t in. bote li then drlQnl at f In mttrr in froo each oatfklc TV- hoVn 
are countemmk on the trodenlde 

Tbe tTo of *0>lii.x j In. mihl atrel rod b filed to a irdoced diaiurter 
of j in. to a diatanee of ^ in. in from each end. thaa fonnioA a ahoolder 
Tbe mkldle of thb rod h tbm beatrd and the rod polled together aroond a 
pJeee of { in. dlaineter ateel rod. TU« In torn la darnprd In a rice and both 
bde pieeea polled aroaod to right anglea. Tbe | la. maodril piece b then 
reawred and tbe shaped part inserted m tbe |av of tbe rW and gripped tight, 
Tbe two aide ptecei are now polled orer to an angle of 90 to um* prerloas 
poaitloa j thb wQl bring them 3 in. apart. Remore from rire and cook 

Tbe two reduced endj ara inaerted Ihnnirt holea in dbo piece and tho 
pro be t ing portktn rircted orcr tbe eoDntenrioldQg 

Tbe an^ta (Fig 839) are cart by mailing down any old aciap lead and 
■Led oil in thickneaaea to gire rarlcma she welghti 


Into 

A abort piece of okl ^Iil pipe *(U make an admirable moold and Lbe 
• eaaflyiftt- -.--o. 


f the Utilde b emeared with chalk. 


ponrlng into a mould marl 
A abort piece of okl ' 
aeiglila afli mtae oat qoite 

A 4 (b. weight H approxiBatety j in. tbkk fiabhed tbe 
Allb... - I-- 

1| Z ” "I 


A S lb. 
A 3-lb. 


If tbe well 
by tondBg a 


are cart a littb faQ they era onioh enbanred In appearance 
olT each face to brb^ tbrm down to the ctrreel a eight 



PREPARINQ THR SPLINT 

Tho mochames of the splint and the comfort of tho patient depend on 
the aplJnt being proparod properly and it is wise to have a standard method 
of doing It A 0-in flannel b^dngo is passed tightly between the thigh bars 
of the splint (Fig 557) and even more tightly over the angle where the knee 
jomt will rest Tbo bandage then becomes looser to allow for tho calf 
muscles but la again tight at tbe lower end of the spUnt where tJio tendo 
AohilUs will he on it The bandage is held m place temporarily with 4-in 
paper clips until a stitch of cotton bas been run along the inner side of 
each bar holding the bandage firmly when the paper clips are removed 
The tliigh should rest on tbe spbnt but the slings of bandage allow room 
for the calf muscles The aim is to keep the tibia parallel to tlio bars of 
tbe splint and m tho same hontontal piano 


APPLYIHQ TTTE gPLIHT 

This is qmte easj if all tho noceeaaiy equipment is at hand Wo will 
assume that fracture boards are In place and the bandaged spbnt Is I\ma 
on the floor by tho bedside Tho first step is to adjust the box for the 
sound foot This box is placed et tbe foot of the bod where it rests 
73 
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firmly against the bed-rail or, if necessary, it is secured by a screwed-on 
wooden extension The patient is moved so that the sole of the unmjured 
hmb presses against the box when the knee is straight The patient then 
sits up and the back-rest is put m position with enough pillows to allow 
him to rest comfortably with the knee of the sound limb quite straight 
The injured leg is now hfted from the bed, and the sphnt shpped under 
it so that the flexed knee hes exactly at the angle of the sphnt, which 
IS then secured firmly to the bed with blind-cord so that it cannot move 
up, down or sideways It is a good plan to mark with a skin pencil the level 
of the knee-joint on the inner and outer side of both knee and sphnt, so 
that the pafrent can himself correct slight alterations by seeing that the 
four marks are always in hne Plaster-strapping or skeletal traction is now 
apphed, the foot of the bed raised on blocks, and the patient mstructed 
how to lift hmiself in bed by using the overhead hand grip 

AFTER-CARE 

The patient is encouraged to move his foot and toes frequently and 
to keep his knee at the proper level m the sphnt by using the marks already 
described The foot should be steadied by a weight of 3 or 4 lbs , fixed by 
plaster-strappmg to the sole This melps to stabihze the fracture and 
prevents foot-drop, though it is not n^essary when traction is taken from 
the heel If rotation occurs it can be controlled by vertical traction through 
a cord attached to the inner or outer end of the stirrup (Fig 558) Opmion 
IS divided on the ease of nursmg these patients, but on the whole there are 
fewer difficulties with a Braim’s than with a Thomas’ sphnt 

When the fracture has muted and is approachmg consohdation, skeletal 
traction is removed and, m necessarj’^ cases, plaster-strappmg is substituted 

Separate strappmg extensions are stuck to the thigh 
and leg, and fixed to wooden spreaders from which 
bhnd-cord passes over two of the pulleys on the sphnt 
Three-mch flexible adhesive plaster extension bandage 
IS smtable, and about 5 lbs weight on each cord is 
usually enough for fractures of the femur at this late 
stage Tills change allows movement of the knee m 
the foUowmg way The weight is removed from the 
lower extension and Bohler’s knee-flexmg apparatus 
(Fig 560) IS shpped imder the hmb, which remams on 
the sphnt from which the flannel bandages have been 
cut away below the knee the}’" are replaced later and 
Fxg 560 then held m position by 4-m paper chps The bar of 

Bohler’s knee-flexmg the apparatus IS put on the lowest notches, and the 
apparatuB Height, patient LS encouraged to relax the quadriceps imtil the 
heel touches the bed He then attempts active extension. 
This exercise is repeated several times a day and it is surprismg how soon it 
IS possible to flex and extend the knee without pam, even when the bar is 
placed m the highest notches and the knee moves through a nght angle 
It IS then usuallj^ time to take awa3’' the extension and to allow the patient 
to hft the hmb from the sphnt, swing himself sidewaj'^s across the bed and 
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continue the movomonts with lua thighs supported bj the mattress This 
routine is adnsablo for patients recovering from fractures of the femur 
For injunes below the kneo the plaster strapping stage can be omitted and 
the knee flexed over the apparatus with the Umb on the splmt as soon 
as the Stcinmann s nail has been removed 

Sitting in a chair is the next stage and subsequent steps depend on 
drcunistances and allow a choice of crutches a walking chair sticks plaster 
of Pans or an clastic adhesive bandage ifassage is not usoallv necessary 
but occasionnllv in eldcriv patients it is worth while giving radiant heat 
or diathoTTuv to help to regain movements of the knee and ankle 

BRADITB SPLINT IN SPECIAL OASES 

Frtcturet ol the ihaK of the tibia can be treated verj satisfactonh on a 
one-puUev Bohler Bratra s splint (see Fig >5fl) There are two wavs of 
doing it — 

(a) By nriiEDLATE reduction using Bolder s screw traction apparatus 
The patient is anrcsthetired and a ‘^teinmanns nail dnven through the 



os Calais (p 020) The screw traction apparatus is fixed to a Boliler s 
■tump in the way shown m Fig ^61 Traction is applied and the fragments 
are manipulated into position While stiU upon the screw traction apparatus 
the tibia Is radiographed in two planes 

\Vhen the ah^ment is satisfactory a piece of felt 3 in wide is stitched 
around the top of the leg below the knee and a posterior plaster stab is 
placed from this around the back of the heel as far as the tips of the toes 
A second slab is placed as follows it passe* from the felt down the lateral 
aspect of the leg across the heel and up the medial aspect of the leg In 
order to accommodate the Steinmann • nail the plaster is out through half 
its width with a scalpel Six inch gaoxo bandages hold the slabs in position 
and the cast is completed by 0-m plaster bandages The gauze Iiandago 
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has the additional advantage of allowing for the probabihty of post-operative 
swelling The plastered hmb is then placed upon the Braun’s splint and 
a 4 to 5 lbs w^eight suspended from the stirrup, w^hich is usually left in 
place for three or four days and then removed It is advisable to leave 
the Steinmann’s nail in position in ease it is needed for further traction 
when the plaster is changed or extended above the knee 

(6) By gradual extension — Steinmann’s nail is driven through the 
os calcis and the limb placed on a one-pulley Braun’s sphnt The stirrup 
is attaehed to the nail and a weight of about 8 lbs is suspended from 
it The iveight is mereased until radiographs show good reduction, but the 
earher warning against overextension must be lemenibered The hmb 
should be left on the sphnt until there is some union, ivhen a walking plaster 
can be substituted If X-iays show' that the fracture is in good position 
in the walkmg plaster, then the stirrup and nail are lemoved 

Fractures near the ankle-iomt — As a mtc these fractures are treated best by immediate reduction 
and plaster of Pans, but there arc rare occasions on i\bicli one of the tno methods just descnbed 
may be useful and tlus is particularly true of fractures ■which come under treatment late or m which 
a postenor malleolar fragment has proved mtractnblc 

Fractures of the tarsus and metatarsus — These fractures arc also goncrallj treated m plaster of 
Pans Much sv cllmg often accompanies them and this is reduced by placing the plastered hmb on 
a Braun’s splmt Bohlcr’s method of treating fractures of the os calcis is well known, and here again 
at the close of the operation Braun’s splmt may ho used for the plastered hmb 

Fractures of the femur — ^Fractures of the neck are divided mto medial 
and lateral tj^pes 

Medial ft actuies are subdivided mto abduction and adduction, depend- 
ing on the angle betw'een the head and neck of the bone Abduction 
fractures are almost always impacted, and neither operation nor sphnt is 
necessary Adduction fractures, on the other hand, are notorious for theu 
unwilhngness to umte and are treated by Snuth-Petersen’s nad Traction 
on a Braun’s sphnt is adnsable (a) as a prehnimary to operation , (b) when 
the general condition forbids naihng Traction is best obtamed by a 
Stemmann’s nail driven through the tuberosity of the tibia (p 620), and 
although 10 lbs is usually sufficient to obtam reduction, double this weight 
should be used if radiography shows failure of reduction after three days 
There is no need to abduct the hmb widely, because the weight tilts the 
pelvis and this gives enough abduction for these fractures 

Lateial fractuies used to be called extra-capsular and should not be 
treated by naihng but by skeletal traction from the tuberosity of the tibia 
on a Braun’s sphnt An extension of 10 lbs for ten weeks is a good work- 
mg rule and union is almost mvariable after that time Plaster-strapping 
extension is then substituted to regam flexion of the knee Sittmg in a 
chair and partial weight-bearmg with crutches soon follow, and rapid 
progress towards full weight-beanng is usually qmte safe 

Fractures of the upper third are often difficult to treat because of 
the flexion and abduction of the proximal fragment Many surgeons prefer 
to use a Jones’ abduction frame, but Braun’s sphnt can be employed, m 
which case a Balkan frame and wide abduction of both hmbs are generally 
necessary Skeletal traction of 20 or 30 lbs from tlie tuberosity of the 
tibia may be reqmred to obtam reduction Fitzgerald’s modification of 
Braun’s sphnt permits vanable flexion of the distal fragment and may 
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prove iisoftd in those fraotnree Ab ft nile extension is necessary for at 
toast three months although tho weight mft\ be decreased after reaction 
of the fracture Plaster strapping extension ma> be substituted as already 
described (p G3S) as soon as union has occiured but consolidation is not 



Sopnicoadjkr Iracten of the femor tnAtod oo * Snm • iplmt br traotkm 

froca tbe tabefo«itr of tho Ufal^ In the opfWT diAgrrm tlv Uinh Un (n the tpCnl lo tbe 
TtsoAl podboa bat utgnUtkn of the f ra ginaa tt ponlsts. lowvr (tia^ram ibowi 

bov tbp fngimt* can be correctly •figned br la u r luf tbe Umb down tlw epUnt p 3 
that tbe ugle of tbe eptiDt ft b^tfod tbe frectare fo^etil of behind tbe knee joint. 

UfltrOMtr) 


complete Bohler s knee flexing apparatus is then useful and radiant heat 
to the knee is advisable in elderlj patients 

Fbaotubss of tieb middle ththd are also treated bv skeletal traction 
from the tuberosit} of the tibia with weights even up to 30 lbs for the 
first week (see Fig M8) It is of great importance to regain the normal 
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anteiior convexity of the bone and tins can be achieved either by 
an overliead sling of flannel bandage at the site of the fractuie or by a 
small pillow beneath it Fitzgci aid’s new removable brackets attempt this 
by making the pioximal half of a Braun’s splint convex instead of flat 
Non-nmon is a serious comiilication in fractuicd middle thud of the feimn, 
and it IS better to be satisfied with a model ate anatomical position wliich 
will give a good functional icsult rathei than to jieisist foi a long tune 
with heavy Aveights which may cause iion-union I’liiec months’ ex-teii- 
sion IS usually necessaiy and the change to jilnster-stiappiiig extension 
(p G38) depends upon both clinical and ladiological evidence Refiactiu’c 
occasionally occurs and is such a disappointment to all concenied that a 
weight-beaiing calipei splint foi a few months is sometimes a wise piecaution 
when walking begins 

Feactures of the Lowmi third — Skeletal traction from the tubeiosity 
of the tibia is again appiopiiate, and the special difficulty is that the lower 
fiagment is usually displaced backwards and makes an angle oiion fonvards 
This can sometimes be collected by arianging tlie Braun’s splint so that 
its angle lies under the fiactuie instead of under tlie knee-joint (Figs 562 
and 663) Some fractures of tlie femoial condyle aie better treated in piaster 

Braun’s splint for compound fractures — When the closed plaster method 
IS to be used it may be combined advantageously Avith a Braun’s splint 
Braun’s sphnt pio\ades the necessaiy elevation for a lower limb in plastei, 
but when the sphnt is to be used the plaster must be aiiphed with the knee 
and, when necessary, the hip both flexed at about 30° AItelnatlvol 3 ^ 
compound fractures can be treated by a Braun’s sphnt with the aid of 
skeletal traction, a method which has much to lecommond it when there 
IS a possibility of gas gangiene developing Piaster can always be applied 
later when this danger has passed 

Braun’s splint in lesions of the soft tissues — Bi aim’s sphnt is useful for 
fixation and elevation of the lowei limb Soft tissue mjiiiies, especially 
those below the knee, thrombosis, phlebitis, cellulitis, eiysipelas and 
gangiene are all conditions which, m suitable cases, benefit fiom this splint 
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Flo 04M — ^Tbe fltioos loogitaHhi*! piece* ere 
Joioetl tT»ii*Ttn»ly by nerrow genge wire* 



THE USE OF CRAMER WIRE 

RAjMER Triro conauits of two stout stmiglit parallel wires connected 
together bj thinner curvod wires arranged at intervals of half an 
Inch from each other (Fig 504) 

AdvanUfei — ^The 
wire can bo bent menu 
aD\ It is strong enough 
when bent and bandaged 
to n limb to gi\’e firm 
support It is hght and 
its uses are numerous 
Padding — The wire ia 
padded bv placing auf 
fioient wool along its con 
cave surface to moke it 
convex when bandaged 
into poaitlon The wire 
Is kept in stock padded 
Blstbod ol padding — 

A piece of wool Is out 
from an ordinary wool 
roll This piece is 0 in 
longer than tho length of 
Cr^er wire to bo j^dod 
(Fig 6G6) It IB folded 
on Itself like a jam 
roll consisting of three 
thicknesses of ^ool (Fic 
fiOO Inset) Tho long on^ 
are turned over tho cut 
odgoe of the wire (Fig 
5(10 ) and bandaged firmly 
Into jioaition (Fig 507) 

FRACTURES 
As a flrfet aid measure 
in tho treatment of frac 
turos Cmraer wire is very 
useful Its uflo in fracture 
siork proper is limited 
Tho following description 
therofoTo rofeni mosllv to immediate measures for immobilizing a broken Ixme 


Fn S03 — 13i* «ldUi of the wool for p*Udiaf ia tbe wtlth 
of Ute wool raO. Ia Iragtli It eztmila 9 ia. berccul ewb md 
of the Craturr wire 



Fro OSS — Tbe wwioTerti ppm tecta the roo*h wire end*. Inaet 
•bowl the Urge cooroxity fanned by the ^ jam ” roll of woci. 



F*o fi®“ — TTw padded wire. 
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METHODS OF IMMOBILIZING THE LIMBS 



Fig 571— 
The shaped 
arm splint 
IS in posi- 
tion It IS 
being cut nt 
the shoulder 
level 


Fig 


668 — ^The length from axilla 
to elbow IS marked off 



Fracture o£ humerus — This fracture is unmobibzed by bandagmg firmly 
to the upper arm a U-shaped strip of wire 

Method— A pad- 
ded length of ivire 
IS placed along the 
inner surface of 
the sound arm A 
pencd mark is made 
at the level of the 
elbow (Fig 568) At 
the level of the pen- 
cil mark the wire is 
bent manually to 
a right angle (Fig 
569) Three inches 
from the first mark a 
second pencil hne is 
drawn (Fig 570) At 
the second mark the 
wire IS bent again to 
form a U In this 
form it IS fitted to the 
upper arm and the 
excess length on the 
outer aspect cut off 
with wire cutters or 
phers(Fig 571) The 
splint IS then ban- 
daged firmly to the 
limb (Fig 572) 
Owmg to the depth 
of padding the sphnt 
protrudes below the 
elbow level This 
protrusion is ban- 
daged by the figure- 
of-eight method and 
prevents the sphnt 
from shppmg (Fig 
573) A slmg IS pro- 
vided 

Fractures of the 
elbow — Fractures m 
this region are best 
treated by a strip of 
padded wire bent 
round the elbow 

Method — ^The measured length of wire is bent to a right angle (Fig 569) 
at the elbow level In most of these fractures the forearm falls into the 



Fig 569 

Bending the wire 


Fig 672 — Fixmg the 
sphnt m position 



Fig 670 — Marking the 3-m gap 
for elbow room 


Fig 573 — ^The completed fixation 
A shng IS provided 
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THE USE OF ORAMEB WIBE 

prono position To avoid supmatiog it forcibly and posmblj causing farther 
damage at the elbow the wire along the forearm is twisted on itself mto 
the mid prone poeition (Fig 374) The eplmt ie then placed along the 
postenor aapoot of the arm and the dorsal aspect of the eemi prone 
forearm (Fig 073) A layer of wool is placed on tho front of the hmb 



Fra ITfl— Ttia wooi kjrr ftsd pad Pw S7^— Tbe Kiiint »od tooJ •» 
aiTi to pkm. bftadAfted in poidtioD. 


A small wool pad aopamtos index finger end thumb (Fig 070) The splint 
ts then fixed to the limb by a firmly applied bandage (Fig 077) A shng 
is providod to support the Umb 

Forearm fracturei — Two Oromer wire splints ore necessary 
ItETOOD — One padded length of wire Is bent to 00 It is fitted along the 
book of the arm and forearm A ohorter gpHnt Is laid along tho front of the 



Fro fl78— The ipHnt*, wool »nd Fw C7a— T3>o faud*ee hu Iwn 

um io poktkm. 

Foe dmnsMi Ute fioce*rm ta ilurwn *apfc»l*d, 33ik podtlm k only tJlowmbk for 
Cneton* of tbe itpper Ihbd of ILe ndim. 

forearm oxtonding from elbow to wnst, A omall wool iwid separates fiiumr 
and thumb A layer of wool is placed along the front of the arm (Fig ^81 
The splint and wool are hold firmly in position by a bandage (Fig 676) 

73 
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METHODS OF IMMOBILIZING THE LIMBS 


Wnst fractures — A single short stnii of Cramer wire is used 

i\lETHOD — The splmt is placed on the back of the forearm It extends 


from knuckles to elbow (Fig 580) 
A wool pad separates the finger 
and thumb and a la 3 ^er of wool 
IS placed along the front of the 
forearm Sphnt and wool are 
fixed by a firmly applied bandage 
(Fig 581) Full movement of 
the elbow and fingers is allowed 
(Fig 582) 

Metacarpal and finger fractures 
— Drop wnst — ^A smgle piece of 
Cramer wire is needed 



Fig 580 — The splint evtcnds from the elbow 
to the knuckles 



Fig 581 — The bandage is appbed 
firmly 


Fig 582 — ^The jomts above and below 
the sphnt are free 



Fig 583 — ^Limb and sphnt m position 



Fig 584 — A bandage holds the hmb and sphnt together 


jMethod — The wire is cut 
long enough to extend from 
the tip of the fingers to the 
elbow It IS apphed along 
the front of the forearm, 
wnst, hand and fingers It is 
dorsi-flexed at the wnst, and 
palmar-flexed at the metacarpo- 
phalangeal and mterphalangeal 
joints (Fig 583). The limb 
and sphnt are fixed by a 
bandage (Fig 584) It 
must be remembered that 
for metacarpal and pha- 
langeal fractures this 
method is only a first-aid 
measure If it be used 
as a final method of 
treatment, severe stiffness 
results 


Fractures of leg — A smgle long piece of Cramer wire is sufficient 
]^Iethod — The wire is bent to form a U as m the case of the humerus 
(Figs 568-573) 

The sphnt is laid along the outer aspect of the leg and the level of the 
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heel marked. It i8 bent to a right angle at this level (Fig )09) Once 
more the wire is bent to an angle of 90 to form a U 

This splmt IS then applied to the inner and outer aspects of the leg 
(Fic oSo) It 18 fixed by a circular bandage (Fig 580) The forefoot is not 



Fk 583— ISsU^ped Fio 588— The buMkgn Fn TIki kg (pQot 

■pitnt In ptfrtiaci. mart be epptkd finnlj eppUML 



Fkj 598 — Xbs iphnt In pl*ce. Fiq fiSS— 'Oie tpllnt Att* th<i tiHw »jw 1 Jbot. 


moluded m the bandage The sphnt protmdee below the heel owing to 
the amount of padding It is fixed by figure-of-eight bandaging to prevent 
sLpplng (Fig 587) 

Ankle and loot fracturei — One length of Cramer wire is sufficient 
ilETHOD — The wire is bent mannallv (Fig lOO) to a right angle at the 
Iieel level The splint is apphed to the back of the leg and heel and along 
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the sole of the foot (Fjg 588) A ]a 3 ’-er of wool is placed along the front of 
the leg and the dorsum of the foot Wool and splint are bandaged firmly 
in position (Fig 589). 

Fractures of foot and leg — When both foot and leg are involved it may 
be necessary to combine both methods described above 



Fio noo 


Fia 591 


Fio 592 


Leg and foot splint in position. Both splints arc fixed in position by a bandage 


Method — ^The ankle and foot splint is apphed first The leg sphnt is 
apphed over it (Fig 590) A bandage is apphed from above downwards 
and fixes the foot and leg No wool is needed except along the dorsum 
of the foot (Figs 591 and 592), 

Transfusion — A single length of Cramer splinting is used 

Method — T he sphnt is laid along the back of the arm and forearm 



Fig 593 

The position of 
splint and pads is 
shown 


Fio 594 

The elbow is fixed 
and the leins m 
front of the cIIiom 
are accessible The 
upper pad is ban 
daged loosch 



The elbow is straight Pads of wool are placed on the front of the hmb, 
above and below the elbow (Fig 593) The sphnt and pads are bandaged 
into position, leaving the region of the elbow -joint free (Fig 594) 



THE USE OF OBAMEB WIEE 
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■ mrg AEEOPLAKE SPUHT 

Tlio wfien of an abduction or aeroplane splint are nownda\'B limited 
Itjsjiute<l for a tom snpmspinatus tendon ftacturea of the greater tnberositv 
pf the hiinicnia Anth wide separation of the fragments deltoid paralysis or 
cedema of the luub Yen rarely is it necessary for fractures of tho shaft 
of the hnmerua The Cramer wire splmi is odmittedU difBoult to make 
but it is nndoubte<ll\ the most comfortable and the most efficient type of 
abduction sphnt 

four Icngtlifl of wire are 
reqinre<l 

Utkins the ipllnt — 

MEA8^EE31E^•TS — 

1 Iliac crest to aiflln 

pins 4 in 

2 From axilla to 

the outBido of 
the flexed elbow 
T From the elbow 

to the knuckles Fm. floa — lie wfr* mim Fio fiOfl — Tbe bnttm* ei 

t. ,u extend dowBWBJti* for 4 In, tend* from elbov to Dinm. 

1 ht jirst Itngth—^Ai tbe below <rat tt» Uium. end b bent to 45* 

exilian level the wire is 

bent manuall} (Fig tCO) to a right angle It is fitted to the arm to 
test tho length (Fig jOo) 

The anoud leiiffth — The second piece of wire is used as a strut to buttress 
the first Fonr inches from one end it is bent to an angle of 46 and 
placed against the first piece at the ibnm Tbe opposite extremity is cut 
Just bo}ond tho elbow and also bent to 46 It is laid ogainst the first 
length below tho elbow (Fig COO) 




The third length — One end of a wire length is placed between and at 
right angles to tho others at the elbow It extends forwards along the 
under surface of the forearm to the knnckles Here it is bent to about 
100 then It is twisted on itself ao that it extends m a wide sweep to the 
fijum (Fig o07) 

The fourth lengOi — This is cut m half and applied to the first as two 
curved chest pieces They are 4 m apart (Fig 60S) 
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OF IMMOBILIZING THE LIMBS 


Joining the lengths — Various methods have 
been tried to fix the pieces togetlier, sucJi as 
soldering or wirmg Tliey are not successful 
The original idea of using G-in lengths of gauze 
bandage is the best 

At elbow, ilium and ehest pieces the angles 
at the junctions are fixed b}'^ lengths of gauze 
bandage They aie knotted firmly to hold the 
wiies in place (Figs 599 and 600) 

Padding — All the surfaces which come 
into contact with limb or body must he 
padded (p 043), so that the concavitj^ of the 
ivire IS convex (Fig 566) 

Applying the sphnt — Position — The sphnt 
IS placed against the chest under the abducted 
arm An assistant keeps it pushed firmly into 
the axilla and in front of the coronal plane 
(Fig 601) Wool pads are placed over the 
sound shoulder and opposite sides of the 
chest (Fig 602) 

Fixation — Six linen or domette bandages 
6 yds long are needed 

Bandaging — The fust two bandages act 
as a sling A turn is taken round the ihac 
extremity of the sphnt, then it passes over 
the good shoulder and obliquely across the back to its startmg point 
(Fig 602) 



Fig 599 — ^Fixing tlio ends \\ath pieces 
of gau7e bandage 

Fio GOO — How the junctions are 
fixed (The chest pieces are not 
included for clearness ) 



Fig 001 Fio 002 — ThospImtispushedmtotheaxiUa 

The splmt is rotated foni ards Wool pads cover the opposite shoulder and 
so as to be 30^ m front of the chest Each turn of the first two bandages 
coronal plane conies from ilium to opposite shoulder 


The second two bandages — These are wound circularly round chest and 
sphnt (Fig 603) 

The final two bandages — These pass alternately, obhquely, and 
circularly 
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the use of obameb wire 
Tlio limb ifl fixod to the eplint bv a gniire bandago over a layer of wool 
(Fig 004) 



Fro W FnJ. OW — IT* tplmt b appiled. n»e 

Two a-jiL b«ad< 0 n kre uppOed limb U fixed to tbe tplmt 'Dm 

drcoUrij flaa*™ 


COVERDTO A PLASTER WIHDOW 

Jso^ndajB plairter windows are not veiy popular but if thev are naed 
for tbe open treatment of wounda the beat covering is n atnp of Cramer wire 
Method — A email piece of atcnie gaozo covers tho wound and a suitable 
piece of Cramer wire is placed over the openmg m tbe plaster (FJg 005) 



Fio 005— Tbe wtro h cut md moolded FiO (MJ — FVdog tbe '•Ire with ft pluter 

to fit tbe wtodow buxlm^ 



Fro, 007 Fio flOH — A noe corering la over 

■n* ftlndow cfoipleted, the whh ttrftppiim 


A plaster bandago is then rolled on over the wire and window (Fig 000) 
An aperture is cut m tho plaster bandago and the small gauze dressme 
removed (Fig 007) ® 

In pe«ico time a dnst-proof covering of cellophane is fixed over the 
wire A piece of dressing gauze is used as a war time substitute (Fig 00*?) 




662 


METHODS or IMMOBILIZING THE LIMBS 


CRAMER WIRE BANJO SPLINT 

This siiilint IS only xised Joi compowuJ Juictmcs, mul ilien only ivlien ihe 
skin on the antenoi aspects of ihe jinyeis oi eiihei suiface of the thumb is 
involved, and otliei splintage theiefoie impossible or itndesiiable 



Fio oil — Extension niamtainod by pulp traction 


Method — A forearm plaster is appbed, then a length of Cramer wire 
IS bent to resemble a banjo or tennis laeket The handle fits along the 
forearm and the eireular part surrounds the fingers (Fig 609) It is held 
in position by a plaster bandage (Fig 610) Extension is maintained by 
wiie traction fiom the digit to the sphnt (Fig 611) 



Fig 012 — ^The cloth cover lias been removed, showing 
the Cramer wire and its eloscly packed contents 

CRAMER WIRE IN FIRST-AID KIT 

Tlie Germans have used Cramer wire in their Aircraft First-Aid ICit as 
the container for the remainder of the first-aid materials (Fig 612) 
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653 


A large vanetj of matemls are earned conaidenng the Binall space 
available Fig 013 shows some of them removed 



Fra 813 — On fltber ddo An two on which «n tbowlnw bov to 

Improrlie rtrioo* trcwhnrau, tbv Dwr of Cnmcr win Acid a bnneh of a tir« A« 

A Liston I niiiit In the t c w ^iimn d h An AinputAtloD kxd/c behind ao E*mArcb 
bAodAge wfr* ootten, Krtocm Aod pkster acj— csi In one Still m the contAiner 
Are bwodjmcA, plAster bAndAge*. hTpodermle Lnjectxnj, etc 

When the contents have been roiooved the container can be used as a 
aplmt (Fig 614) 



F» 614— CrAmor wire coDtAlneT Aod win CTitteTA. 
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SECTION Mil 

WOUNDS OF BONES AND JOINTS 


LX WOUVDS OP BONE. 

Roierr Jlojfc, K HjJiaTOs BiU) FBCA(EIng) 

L-XL WOUNDS OP THE JOrNTS OF THE DPPER EXIREMITT 
a OoBWx IiTO H.B, BS.<Durh.). FJLC.84E<an.). 

L.XIL WOUNDS IXTOLmO THE UTPJOLNT 

Sd^TOo Sr W I d* t HW Wgrnft, F R.CA.I, F-AXLS^Hoa,), 

iLCh.( Hon.). 

LXIII WOUNTS OP THE FCNEEJODCT 

Robot Ollocx slat )LD4)lBncli.t. FJLC.S.(En£.) 

lAJT WOL'N'DS OP THE A-NIvLE AXD TARiAL JOINTS 
R BOT JliLXi:, M>>{Laod.) 
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WOUKDS OF BONE 

W OUNDS of Iwiie cnnnot occur alono ^\e aio concerned here not 
mth tbo treatment of nar wounds m general but witli those of 
a partunilar tiaauo of compamhrcly low vitalit\ and absorptive 
power 

Tbo problem before ns is largeU the problem of tbo coniponnd fracture 
upon which surgical attention lias been focused both in tunes of peace 
and war since ilay ISOfl It was m this month that Lister treated succees 
fnllv a compound fracture of the leg bj swabbing the wmmd with crude 
German creosote and covenng it with plaster of Pans impregnated with 
the same ohemlcal Tlie daj of conservative surgerj In compound fractures 
had dawned 

Homarkable progress has been made m this field and it is probable that 
finality has not yet been reached Perhaps even more than with other 
problems connected with war surgery it must be reaUied that sound judg 
meet — when to operate when to amputate when to excise tlie wound 
meticulously and when to perform rapid but purposeful ddbnderaent — u 
far more important than blowing sulpbamiaimde powder 
around the broken bone and encasing the limb in plaster 
excellent os those procedures may be in their proper sphere 
The time Iiotor la the verj cmx of the aituation The 
earlier a compound fracture can receive attention m tlie 
operating theatre the better the prognose Even 
half hour coxmts In compound fractures of peace a 
limi t of eight hours was generaUv conceded the maximum 
m which it was permissible after adequate cleansing to 
Butnro the wound in otlior words to convert an open 
fracture into a closed one It is doubtful if it la ever 
advisable to carry out this ideal m ita entirety in wor 
wounds except in selected cases of bullet wounds 

Resuscitation is as important here as with other 
wounds To determine the mean between the urge to 
transfer the patient to the theatre in order to treat his 
local condition and the nniietj to retam him m the 
resuscitation ward for the improvement of his general 
condition is an occasion where a medical colleague with 
blood preesure and hrcmatologicnl records can be most 
helpful 

Preliminary ooniideration ol the case — Even wlien rosuadtation is 
unneoewary there will be at least a quarter of an hour for the surgeon to 



Fio fll3 


\ jiCTfortllng mi PTwl 
of tl» lovcf end of 
the femur tfrftii*ted 
vHhln a band’a- 
breadth of the 

mpeHor *ar&c» of 

the patella, mar In 
Tofre the Loee-fiint 



0J<’ HONES AN]) .70INTS 

poiidei’ and plan Ho sliould assemble Ins data, bcaiing in mind that in 
every ease ol bomb and shell Avoimds it is piobable that clothing and dirt 
Avdl have been earned within WJiat Avas the condition of that clothing and 

the patient’s skin ? Is it possible that the neigh- 
bonrnig ^oint is involved (Fig 01 5) ? These aie 
among the man}^ points winch should be occupying 
Ins attention 

Preliminary radiography — Nalairally it is of the 
utmost valiie to have before him ladiographs 
shoAvmg the extent of the bone damage, and con- 
ciete evidence of retained foieign bodies (Fig 010) 
Fissnring of the bone should bo noted and special 
attention given to the jiossibility of a fissnio 
entei mg a joint 

Should amputation he performed P — ^’Phe avIioIg 
tiond of snigical jn ogress is to save limbs, but it 
must bo lememboicd that exccssiA’^e conseiA'^atism 
may saciifice a life decisions to poiform amputa- 
tion fall sharply into tAvo categoi ics ■ — 

(a) 'IMioso made in the resuscitation Avaid fiom 
data Avlncli aic manifest 
(/)) ’Jdiose AAdiich can only bo ai lived at aftei the 
Avoimd has been oxjiloied 

It IS not possible to einbaik upon the colossal 
task of cnnmciating the manifold combinations oi 
ciroinnstanccs AAdncli rendci amjmtation the best 
Vki 010 couihc It IS, hoAvcvoi, necessaijf 

.siiiapiK'l (iiiiHiiip; compound foi the snigcoii to ahvays lomember 

jiioblciiis jiieseiitcd by a 
compound fractmo m the nppci 
cxtieinitA aic entnely didercnt fiom those m the loAA^or 
'J’his IS ])ai ticnlarly the case Avlicn a decision has to be 
taken icgaiding ain]mtation 

It is deal that immediate amputation m the npjier 
cxtienntA'^ is indicated only Avlien the leasons aie absolutely 
obvious In caily gioss injuries excision, oven drastic 
excision, of bone and joint can be undci taken Thoie is ^ 
seldom a doubtful case m Avliich the decision to amputate tlie'condylcs with 

cannot be jiostjioned foi consultation Avith a colleague fisHunng mto tho 

Conveisely, m the case of the Ioavoi limb, if tlieio is no one ^Zniainma' 

available to sliaic the resjionsibility and the surgeon is in noZis'^a typo of 
real doubt, it is usually bettor for him to jnoceed with compound frao 
amputation In the case of the loAvei thud of the fZro'd'^'* M/cr 
leg, foi instance a badly comminuted, grossly soiled, unche) 

compound Pott’s fiactuie, the lesponsibility foi amputa- 
tion lb not gieat and the decision is piobably a AAOse one In the 
case of piojectilc fractines of the femur, >Sn Anthony Bowlby after an 
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TTOUTDS OF BOJTE 


OaO 

immeni© oipcnene© foWowxng helpful indicntioiis for 

amputation — 

1 Woimding of the femoral or popliteal veasels whicli ih unfortnnntelv 

a common complication 

2 Oommmntion of the cond\lea with inTolrement of the knee-joint 

(Fig 017) In very few caaea aiiould any attempt lie ninde to aave 
the limb in those circumatnncw 

3 Extensive tearing and deatmction of slan and muscle \Mien large 

portions of the front or back of the thigh are tom off the limb 
would be useless even if it could be preserved 


Factors winon rNFUTENCE the decisiov to A3n*rTATE 



Upper ExtirmltT 

Loaer Evtreaihi 

PnwltMli 

tJpwMt raiorleat 

LfoaDr BM>t bati^factorv 

Stuck aixl poor jcrtiml con 
cUtlon BrccvriUtinp * npid 
op«»tkKi 

Srkloai rnlrra the ptctnn^ 

EapeeiaBv m the ca -e of t be fera nr 
a matter of gTare concern* 

OkrtUlt; 

Coat aoi aLlrt aWrea imulh' 
rompantlrrlr ebaa 

Tromera. panl«. aoekr aod boota 
often teeinlnd a itb patbologkal 
bacteria 

Comycrittni arterial «oeail 

Ettq when there la ap pnlae 
At the wriet. Unb caa oflm 
be aared 

Femonl or popliteal arterial 
faijuy a matter for mod 
aericaa eoaridenttoo. 

Operathv reartkmsry aod 
•econdAfj hatmontu^ 

Pmeata oo dlArtih problrm 

\D to be taken into crsalderatkin 
in eocDpoTcnd fiaetore oif the 
femnr 

Ga» gangrena 

ComparaUreij lUv 

ComparatiTelj’ frequent 

intcoted phlebltla and nnbnhu 

Elifrefaelj rare 

SaJBcienUj’ emomne for amooi 
BODalderatkm 

Conxldenbie abortrotns 

Of mhur Importaoce 

Great haXKlicap 

Fractnre tnyxilTiiig Jointa 

If a«ceaaar7 Joint can he 
btchided Ln the reaectkai 
viUt rxccOrnt reantta 

AmputatioD anmetunea tndIcatnL 


THE PATTKirrS OEITHaAL COOTmOK AHD THE tttwe FACTOR 
FRRanr wousb ezgibioh 

Initminenti — It is highly desirable to Lave mstnunents arranged in tliree 
completely separate sterflo groups — 

(a) Instruments for general wound excision (see Chapter 3 l) 

(i) Instruments for bone punficahon procedures 
(c) Instruments for skeletal traction (seo Chapter XV) 

Set (6) muirt mrfudo a tew special bone inatrmnente nothing elaborate 
U reqmrod A hammer a fen- gougoa and chisela a VoUmiann » apoon 
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seq^uestruiD forceps and perhaps a pair of bone-holding forceps are obviously 
the type of instruments the Sister will put out The only special instrument 
to which attention is drawn, for it is a real asset, is Ollier’s 
cutting rugine (Fig 018) or one of its modifications 



lii 

Fio 0J8 

Ollier’s cutting 
rugines 


Fio 010 

I’ici pout’s modification of Ollier’s rugine 


(Fig 619) The instiuinent should be of razoi-like 
shaipness, and two oi three are a suigical luxury 
The Operation — ^The wound or wounds are covered with sterile gauze, 
while the laige suriounding area of skin is washed, shaved and washed 
again , it is then painted with iodine or othei skin antiseptic right up to 
the wound margin In a few instances ivhere it is known that skeletal traction 
will be required, it is an advantage to commence by inserting the nail, after 
which the surgeon can proceed to utilize set (a) of his instruments vnthout 
changing Ins gloves Tlie wound is excised m the manner described in 

Chapter X When a missile lias perforated tlie 
bone, comminution is frequently more marked on 
the side opposite tlie wound of entrance, and the 
soft parts theie are more likely to contain bone 
fragments (Fig 020) Bone sphnters must be 
searched for and removed from the muscles Before 
proceeding to deal with the bone itself gloves 
should be changed and set (0) of instruments used 
It IS most necessary to realize that in these cases 
the medulla must be presumed to be contaminated, 
and in order to get at the medulla it is usually 
necessary to remove some bone This brmgs us to 
the question What should be done with frag- 
ments ^ All are agreed that completely detached 
fragments should be removed, and in the case of 
through-and-through wounds it is necessary to 
approach the hone from both sides Fragments 
stiU attached by periosteum should also be removed 
if by their removal adequate access is afforded to 
the medulla On no account should such fragments 
be picked up in forceps and twisted and tom from 
their moormgs Fragments to be removed in order to afford access to the 
interior must be cleanly excised It is for this work that Giber’s cuttmg rugme 
IS particularly suited It enables the surgeon to cut away with little injurj'^ 
enough bone to expose the medulla adequately Loose fragments and pulped 
medulla must be removed from the interior of the bone 

The question of how far to proceed m removmg fragmented bone is 
debatable Towards the close of the 1914-18 war there were many converts 



The hide fartliest away from 
the w ound of entrance is more 
likely to contain fragmented 
Irone and foreign bodies 
{From a Radiograph ) 




WOUNDS Or BONE 


001 


to the school of Olher of which Lenoho was and BtiU la a great exponent 
ilembers of this school remove snbpenosteally moat if not all fragmented 
bone a procoM which they call taquiUeclomy Their mam argument which 
la sound, is that splintered bone if removed sooner or later foreign 

matter lodged in a crenco will bo overlooked Lenche beheves that to 
perform eeqnillcotomy neatlv and thoroughly the Olher type of inatm 
ment is essential and he niomtams that serious infection cannot be 
prevented regularl} except by complete clearance of fragmented bone 
He explains that early aubpenosieal removal of fragments does not 
expose the fracture to the danger of pseudo arthrosis it is not a 
resection of the entire olroumference but rather a removal of everything 
which interferes with complete exploration of the intenor In more than 
two-thirds of cases the operation ultimately loaves the ends of the bone m 
contmmty 

Vm jJiTjln g prioripW, tbk AoUkority to wport a conNccuthe > e ri f< of o\cr £50 

oucf 01 Tommlnntnl, oompooDd liiAft fiictiim ctatAinnl fn rlMidriB ni k tinio irftni norroto 
and profound temk m«re cife vith. th« Ioh of only oae cue nod without * exArepl* ca gu 

tnuH iwj f proof tr*<Wd Ut«t hh ]d«ii ihoold Doi be by b^hUr 

Irriittion ol the wound — \lTiiie manj surgeons iwrticularlx American 
industrial sur^ns of wide expenenc© advocate and practise Rucce«sfall\ 
irngation of the wound with sterflo saline at the conclusion of the surgical 
toilet the general consensus of opinion m this country if that imgahon 
should be eschewed In order to remove gnt and fine d^bns moist swabs 
on lioWers are employed 

AntUsFtiea — At the present tune it is fashtonablo to regard euti&eptics 
in a wound as lethal tissue poisons It is perfeotli understandable that 
strong antiseptics can act In tills way in any case tboj are quite unnecessarv 
if wound excifion has been carried out as it should liave been. It is difficult 
to appreciate why some should look askance at ewabbmg the wound with a 
dilute eolation of flavmo or mercoroohromo especially when control smes 
have demonstrated that without doubt the incidence of post-operative 
eepels is somewhat lower when an antiseptic is added to the ntnal Be 
that aa it may at the present tune there is a wave of enthusiasm in favour 
of tlio local application of sulplmmlamide powder When sulplmnilamide is 
used the wound should bo dnod and the powder either nppherl with a drj 
swab or blown freelv into the wound Clmical Impreasiona and reports 
are so favourable that this adibtion to technique ma\ be uaul to Iiave 
become standardired 

Should the ikin be sutured P — As has been mentioned alreadi it is 
wise to be cautions about closing the skin completely in the compound 
fracturee of war iluoh depends upon tho individual case If hfomostasis 
is entirely satisfactory and the surgeon has little doubt concerning the 
eOectiveneas of the excision and there is no tension upon the approximated 
skin much is to be gained by not too close sutnnng of the wtnn In other 
cases a few mterrupted sutures can be placed and the wound drained by a 
strip of vaseHne gaute or corrugated rubber In still olheia it is better to 
pack with vasohno gauze which does not preclude the poesibihty of secondary 
suture The whole question will lieoomo clearer when individual bone lesions 
are considered 
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Prophylactic sera — Before every oiieration for coiiii^ouiicl fractiiie 
antitetanic serum and aniigas-gangiene serum sliould he administered m 
suitable doses, if this lias not been done already 

Immobilization — That every fractuie, including eveiy compound fractuie, 
must he immobilized completelj^ goes witliout saying As to liov tins 
immobilization is best effected depends upon ciicumstances Not the least 
of these are the siiigeon’s expeiiencc and training, the apparatus and nui-siiig 
facilities that aie available, and whether the patient has to be evacuated oi 
remain under his caie Tlie closed plaster method has a great deal to 
recommend it, but we should not be blind to the fact that adimiable results 
have been, and still are obtained bj’’ other methods In certain instances 
other methods are to be preferred Tire best means of taking a broad viev 
of the whole subject is to consider compound fractures of individual bones 


COMPOUND FRACTURES OF INDIVIDUAL BONES 

Tibia — Bcihlei s screw traction appaiatus (p 680) is rightly populai 
and IS noAV wodelj'^ available It is a good practice to commence by inserting 
a Steinmann’s nail through the os calcis and then to attend to the necessary 
excision of the wound and the toilet of the fractuie with the limb on the 
appaiatus Having covered the wound with strips of vaseline gauze, a 
plaster cast is applied (see ]i 604) Stockinet is omitted, but bony 
prominences are well protected by best quality felt Because of the danger 
of mterfeience with the cnculation consequent upon jiost-operative oedema, 
the plaster should be guttered (see p .lOo) 

Alternatively the Bolilei -Braun splint can be employed, esjiecially — 

(a) When circumstances are favourable and there is sufficient skin to 

permit of closure of the w'^ound witliout any tension 

(b) In doubtful cases nearing the time limit ivhere infection is feared 

In this instance the question of siitnimg the wound does not 
ai ise 

^^dlether a plastei has been applied oi not, elevation is desirable, and 
for this purpose a BOhler-Braun splint cannot be bettered When circum- 
stances permit, probably the best method for all cases is to defer applying 
a plaster for a few days, during whicli time the BOhlei-Biaun splint is 
employed After appioximatelj’^ four daj'-s the danger of post-operative 
swelling has passed, and also the danger of spreading infection 

Fibula — When the fibula is involved alone there is hardl}'^ a more satis- 
factory bone to treat Large portions of the shaft can be lemoved by 
subperiosteal lesection without fear of Joss of function At the upper end 
the external popliteal nerve must be cared foi , at the lower end the external 
malleolus should be preserved if possible TJie immediate application of a 
plastei cast cannot be bettered 

Patella — Excision of the patella with sutuie of the cajisule and the 
immediate ajijihcation of a plaster cast is eminentl}" satisfactoiy 

Femur — This of course is the most difficult problem connected witli 
compound fractuies The mam indications for amputation have been 
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discussed on p 0 j 8 When there is the slightest doubt concerning the 
vasculflr mtegnty of the hmb under no cffoumstanccs should plaster be 
emploj’ed until the danger of gangrene has pasaeiL In grave cases or com 
pound fractures of the upper third when the patient s general condition is 



Fm 621 

The <Lm«rr arr* throogii »hlcb Intmmtlon ihooldDot bo Wbwi 

ntcamrj * fr«h inciifan h n**df (-iJJ«T Ltrir^ ) 


poor m spite of reaiiscitativo measures the reader s attention w directed to 
the sleeve amputation (see p 701) 

We wdl assume that the patient a general condition is sufficacntly good 
to withstand a fairly prolonged operation nndor gas-oivgen-ether aniestheeia 
because of incipient shook a spinal aniesthetio is to be deprecated in these 
•ases Siutable orposuro is of major concern and it maj so happen that the 
wound Is not the beet avenue of approach Fig 021 omphasuce this point 

and in certain cases after the 


Fw 623 

In the of in oithoiMDdJo table 

an ajaklant can malnutn the de^bed 
podtkn. (Jjiii Trw*) ) 

wounds ha^o been excised it is 
advisable to make a freeh Incision 
with uncontammated instruments 
The results of doeod plaster 
treatment are most encouraging 
If an orthopaodio table even the 
portable variety (p fi02) is avail 
able there is a great deal to 
bo said for commencing b} inserting a Stelnraann s nail through the crest 
of tlie tibia To have the knee and, to a lesser extent the liip flexed 
together with suitable traction deflmtely aids the necessary surgical 
attoDtion to the bone ends and helps to get them into alignment When 
an orthopfedic table is not to liand, an aasistant with his hands clasped 
under the knee (Fig 023) can be an offieient substitute In grosslv 
75 
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Fiq 024 

The plaster cast for compound fracture of 
tlic femur completed Note tlic position of 
(ho limb {After Tnietn ) 


contaminated but early cases, drainage of tlie deep fascial planes, winch 
will be detailed on p 666, must leceive consideration Tlieie is no serious 
objection to including a diainage tube within the plaster cast, piovidmg 
its presence is notified m wilting on the cast The plaster is apphed 
with the hip and knee still flexed and it extends from the lowei ribs to the 

heads of the metataisal bones, the sole 
of the plastei extending beyond the tips 
of the toes to pi event pressuie from the 
bedclothes (Fig 624) 

Even a patient in compaiativelj' 
good condition is likely to show some 
reciudescence of shock after this for- 
midable piocedure It should be undei- 
stood that plastei, in setting, generates 
heat and for the time being serves a 
useful pin pose m keeping the patient 
waim It IS, however, highty important 
when the patient is letuined to the ward to ensuie that the plaster is not 
dried at the expense of exti acting heat fiom the patient On the othei hand, 
nurses must not be allowed to covei the patient -mth blankets, for this will 
delay diying of the plastei An must be allmved to circulate, and the best 
method of both attending to the patient’s needs and at the same time dr^ung 
the plastei is to ajiply a ladiant-heat ciadle 

It should not be lost sight of that thousands of excellent lesults have 
been obtained by the use of Thomas’ splint and Biaun’s sphnt The 
latter has the serious disadvantage of bemg unsiutable if the patient is to 
be evacuated Foi seveiely shocked patients, especiallj’’ m cases of compound 
fractures iieai the upper end of the bone, Thomas’ frame is without doubt 
the best expedient Summaiizing the position the closed plaster is the 
best method to employ when the patient’s geneial condition is satisfactory 
and the necessaiy facilities foi its rapid apphcation are to hand Expen- 
ence in plaster woik is particulaily desiiable , to appty a lup spica properly 
lequnes as much tiaimng and expeiience as to peifoim a gastio-jejiinostomy 
correctly 

Humerus — These mjunes aie much more common m wai than m peace 
As pomted out alreadjq m this instance the bone lesion se is seldom, 
if evei, an indication foi amputation , it is concomitant devastating injmies 
to vessels and particiilaity nerves which are the deteimimng factois m 
deciding that the limb must be sacrificed Compoimd fractures of the uppei 
thud {i e , above the musculo-spiral, syn ladial nerve) aie paiticularlj" 
favourable lesions to treat In the middle thud the musculo-spual nerve 
IS pione to be damaged, but this does not preclude the possibility of saving 
a useful hmb Unfortunately, in the middle thud, mam vessels aie liable to 
be damaged almost irrepaiably The same remarks apply even more foicibly 
to the lower third of the bone As emphasized already ui this chajitei, if 
necessary a considerable aiea of contammated bone, which may even include 
joint, can be excised with eveiy prospect of ultimatelj’’ seeming a limb 


a 


vnth considerable function 

The closed plaster technique is einmentlj'^ suitable foi compound finctuies 
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of the humema the major deterrent to its use ifl the difficulty of applying 
a thomco brachial planter cast to on iraconscioofl patient To apph it 
quickly and efficiently the patient must be m the ntting poeture or on an 
orthoptedio table The difficulty eon be overcome thua the ivound is 
excised and the bone treated appropriately The arm is then placed upon 
a temporary splmt and for this purpose there is no better splint than one 
constructed of Cramer wire (p 040) These aeroplane splmts useful as thej 
are and however well constructed ate not sufficiently stable to ensure 
complete iramobiUiation a plaster cast is infimtely superior m this respect 
As soon as the patient has recovered sufficientiv local block braclual 
arwsthcaia is induced after suitable premediontion With the jHiticnt in 
the slttmg posture the plaster is applied 


Clov 
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Id otiW to ftMd^ tb« 
bolkiv awdie It can bo 
fmpod «lth ft robber 
corew bjBDoctat (Aflrr 
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BaiCHUL BLOCK jurEkTHXiT^ — Aft tbo farftcblftl pojftrft brncKth tho oUTiele it bn Jott 

oLtanft] to tbe rabelftriftQ arteiy Tbo patfeot U aMUd vltb tbe fare tamrd to tbe CFppoahe aide anil. 
If poftklUo vith tbe ahoefaW depre— td. A eotftnroaa vbo«) of kx«I 
viMtbMlft la ralard joat ftboTe tbe arid poOit of the cUHde humedlftteh' 
external to tbe (often pftlpcbte) nbetarian arteiy A Uixtr needle u 
tben tntradiKed, pointing it tovarda tbe eceocKl dorsal miebeft. The 
Qeed> ahendd not be attached to tbe a ertage mklle tbe aeartb for the 
plema k being made After tbe needle baa tiftreraed the faadft H b 
•dranml alowlj ; it la, of eoane. eMentlal to nHbdrav at coce If blood 
appMO. Wben tbe neixe plena bat been entered, tbe patient wiB 
e xp ailenoe ttngUng aeiMUacM Tbe llKt cord Uhelj to be atruck ccAtaiiM 
tbe flbrea gol^ to tbe median oeree Tbe moa eocnptete ftna>«the«la 
fbOova hi>ecUbQ ot tbe cord eorrUbiing tbe ulnar Derrr axal pare^tbetlft 
tCQ be exp eri ox ced ta tbe foorth and fifth diglu. Once the needle ia 
Mrkfftetcinl 7 In pVftce It moat be kept b\ pcaitkA until tbe «TTi£» can be 
attached tad t^tajectloe mftife Farr reeommenda ateadying the needle 
iklth a nbber-corem bemodat (Pig 0*^) Ilarloc fixed the a jiiu ge 
ecctibibig 10 en. of 1 per ce(ii< Dorocaia to tbe neeiiK and after be^ 
quite eertiUa ty attempting to aapirate blood that tbe pciat of the 
aeedle li not idthta a rtaa t L the eocteota of tbe ajrriaga are Infected 
aieviT' Dartog tbe la^t third of tbe iojeothn tbe needle h vftbdrairQ elcral^ 

The patient is seated on a low backless stool and the surgeon siU faemg 
the patient and the assistant sits bohlud the patient A second assistant 
holds the arm In the desired potdtiou Surgeons who 
had great expenenc© of this method m the Spanish 
war ore unanimous that the optimal position for 
immolulixabon is one of 45“ abduction (Pig 020) 
If the arm is placed in this position with the forearm 
flexed to a ngbt angle and in the position of neutral 
prouation and supiDatiou the fra^enta will neerlv 
always be m true alignment (Jolly) In noceasary 
cases suitable precflutions to prevent wnst-drop must 
be taken 

Hadiui and almi — If one bone alone is damage 
particularly the ulna tbe case presents comparatively 

^ ^ little difficulty In necessarv cases large portions of 

Sw °™n- hope of >n 

priJiHiKi (« abdortifwi) excellent junctional reeult In the cose of the radius 
(ifnrj^,) tense fascial planes Burronnd this more deeply placed 

bone and Rttention must be directed to ensurmc 
adequate drainage A plaster cost extending from the deltoid region to the 
metRcarpals is an admirable form of immobilisation When both bones are 
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fractured the position of full suxnnation should be employed, otherwise the 
arm is immobilized in the neutial position 

THE TREATMENT OF LATE CASES 

It has been emphasized tluoughout this woik that wound excision must 
not he attempted after eighteen horns Tins time limit is, of necessity, 
somewhat aibitrarj'^, and cases lomid about the demaicatioii jieriod 
natuiall}'- x^resent x^erplexitj'^ When signs of visible infection are mamfest, 
no doubt arises as to the coriect Imes ux^on which to pioceed In other 
instances it is always Avell to hold a consultation with a colleague 

Cases visibty infected can be dl^^ded sliaiplj’^ into two categories — 

(a) Those with signs of toxic absorption 

(b) Those vathout such signs 



UPPER THIRD MIDDLE THIRD LOWER THIRD 


Fig 627 

Showing the correct position for mscrtuig drainago tubes m the upper, middle and lower 
thigh respectively Usually only one tube is required (After Bohler ) 

In both the need for debridement of the woimd is imperative By 
“ debridement ” is meant what has been insisted upon throughout this 
work — the ongmal interpietation of the term — ^namely a rapid operation 
designed to open infected fascial planes, provide free drainage and remove 
foreign matter and tissue unquestionably dead As fai as the bone part 
of the operation is concerned loose fragments must be lemoved, and it is 
highly desirable to excise enough but no more of the fragments attached 
by their periosteum to ensure free drainage of the medulla Dramage tubes 
are seldom employed, but in the case of the femur, accordmg to the best 
authorities, it is often desirable to utihze them, for the overlappmg muscles 
often make proper drainage impossible through the wound Tig 627 
shows the best positions for placmg soft rubber tubes in the case of the 
upper, middle and lower thirds of the thigh respectively The same principles 
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are invoked in a few other Bituations where common sense (hctntea that 
pocketing 18 liable to occur 

A ^^lcn Bigns of considerable toxreniia are manifest and partioularli 
if anaerobic organisms are the cause the closed plaster techniqiio is definitel} 
contrabidicntcd Open treatment in even sense of the word is the order 
of the da) The woimd must be freely open and irrigation b) the Cnirel 
Dakin method or one of its snbstitutefl cannot be bettered Certainly 
sulphonaiDide themp) should bo instituted at once but m this instance 
b) common consent its local application is without value 

B In visibly infected wounds without marked toxanma the closed xilnster 
technique after ddbndement is highly successful Indeed it is m tliese cases 
tliat it reaches its zenith of usefulness and displays the manifold advantages 
of a great advance The wound should bo so jiacked witli strips of vasolmo 
gauze as to provide avenues for the freest dmmnge possible In necefepar) 
cases there is no objection to incorporeting mthin the plaster cast one or 
two drainage tubes if without their md a closed pocket is inevitable 
Naturally if signs of tovicmia develop tlie plaster cast must be removed 
but there should be no imdue alarm concermng a patient with a raised 
temperature if his general condition remains good and nbo\e all if his 
piil» is comparative!) unoccelomtcd and ho does not ooroplain of pain 
As the days go by tUo ono major objection to tho closed plaster — the 
appalling stench — will doubtless be brought to the irargeon s notice in one 
way or another JCanj attempts have been made to overcome this objection 
A method offering some hope of reducing the malodour was introduced b) 
the Strasbourg school It consisted m piaoing m the wound a tampon con 
taming a mixture of yeast and agar whiob had been deprotoinizod 

Professor Soddon working with Profeseor FJorev at Oxford tried a 
number of methods to oiercorao the smolL The matonal now known os 
Filter Doth (Siedical) lias proved to be the best As a result of confimiatorv 
trials orgauiied by tho War Wounds Committee of the Jicdical Research 
Council, it Is agreed that this cloth when made in the form of a bag enveloping 
tho plaster cast la tho best smell preventer available and many thousands 
of yards have been ordered for use in British hospitals at home and overseas 
Wlien the plaster is changed if adherent sloughs are m evidence the 
advantages of maggot therapy (Chapter X\T) should not be forgotten 

SEQUESTRA 

Erpononco of the 1014 18 conflict left, no doubt that sequestrum formation 
and its treatment was a major surgical problem destmed to occupy attention 
for years after the declaration of peace Although bv correct treatment the 
patients life and limb may be saved, once a compound fracture becomes 
groady infected, neither adequate dralna^ nor an)'thing else we mav do is 
likely to obviate death of some portion of tho bone sequestrum formation 
(Fig 028) moat bo expected 

When to operate— It is a common error to attempt to remove a 
s^u^rum too early Espeoally m tho case of the sliafl of the femur or 
tho humerus sufficient time must elapse for the mvolucrum to become 
consolidated otherwise the risk of fractiuo following sequestrectomy is 
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consideiable Again, if the sequestium is not loose, its extraction is likely 
to traumatize living bone in juxtaposition and, what is perhaps even more 

important, undei these conditions seques- 
tiectom3'' will be almost certainly incom- 
plete Within reasonable hrmts the longer 
the operation is deferred the easier it is to 
execute 

Undue dela}' is also hkelj^ to result in 
a sclerosed involucnim, making heahng 
difficult , in addition the surrounding soft 
paits become so encased in fibrous tissue 
that the blood suppl}^ to the new hone 
IS impaired These factors tend to cause 
lecurrence and cliromcity after sequestrec- 
tomj’^ The time at which the operation 
IS performed is, therefore a matter of real 
importance and must be well chosen While 
var3nng within wide hmits, twelve weeks 
after the primai3" operation is the optimum 
time 111 the case where theie is a parallel bone to act as a sphnt (e q , tibia 



Fig 628 

Sequestrum foUo'mng a guillotine 
amputation of the femur 
(Jlugh Bomran s Cntc ) 
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The npemng of a sequestrum Compound fracture through the neck of the astragalus mrolvmg the 

ankle jomt and the subastragaloid-jomt 

A, Eighteen days after the mjury Showing decalcification of bone m the rjcunty, except the 

bode of the astragalus 

B, Seven weeks after the mjurv Decalcification continues m all bones of the leg and foot, but 

the bodi of the astragalus retams its ongmal density, and it must be either dead or 
hibematmg 

C, Fifteen weeks after the mjuri The opaqueness of the bod\ of the astragalus makes it 

defimte that it is a sequestrum 

ulna) In the case of the humerus, femur, clavicle and mandible, when the 
entire circumference of the shaft is jeopardized it is advisable to wait longer 
In assessmg the optimum time to operate the first consideration is the 
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patient b general condition If it appeare that freer drainage and removal of 
at least some dead Lone ^iill obviate progressivo toxic abrorption then the 
coviree ib clear — an operation mnat bo designed to effect this end with the 
leoat possible trauma 

In other and more usual circumstances a plan is made not onl^ to nd 
the patient of the Bcquestnim but to effect a permanent local cure which 
IS not bv an\ means always a aimplo matter 

In appntmg the local condition the following are oxtremeh helpful — 
Serial radiograplij often reveal gradual eepaxation of the dead bone from 
tlie surrounding mvolncruni of new and imperfeetlr formed bone (Fig 029) 
^Vhlle radiography is of the greatest poaaible assistance the films are some 
times difficult to mterprot in all caaea it should be onlj a factor — a luglily uu 
portant factor — m making a decision that the time is npe for eeqaestTectom^ 
Probing is often oxtremeU valuable in determining that a sequestrum is 
loose The probe comes m contact with hard and hare bone Bareness does 
not mean that it is dead Tlio sensation is that there is nothmg whatsoever 
between the probe and the bone If the bone is bare but ahve the impreason 
IS that there la a thin film of soft motenal (granulations) between the bone 
and the probe If the dead bone be loose pressure with the probe ma\ 
cause it to move 

SEQUESTREOTOMT 

Special care most be takon to avoid nerves large \ easels and the near by 
joint Adequate access to the bone la essential at the same time the 
approach must be designed to be as direct 
as posable At the end of the operation 
saucenzed bone — which is meant that 
there aro no overhanging bone edges — 
shonld he at the Iwttom of the wound 
(Fig 630) 

The ideal can seldom be attained 
except m superficial bones (tfbia ulna) 
but by correct teohmqno and particu 
larly by a carefull} planned snatomical 
approach mnoh can be done to create a channel from the skin surface to the 
marrow cavity of the type which eipcnence baa ahown helps to minimize 
tlio bugbear of these caaea — reoummee and ohromatj With this object in 
view when designing the approach the situation of smusea and the site of 
the ongmal wound fade into eomparatrvo insignificance If one or other 
of these exits can be incorporated m the now mcision so much the hotter 
if not thej are disregarded m favour of an incision which is farther away 
from largo nerves and blood vessels and vet provides the beet access and 
freest drainage 

TEdHKIQUB— OEHEEAL 

A bloodlen field 1« deiirable — In situabona where a toormquet is apphcablo 
it should be employed Even so in some mtuatlons loss of blood is hkely to 
be considerable after the tourniquet has been removed. As by reason of the 
*°"8-^tlnued sepsis these patients are often 111 prepared to withstand kws 
of bk)^ it IB eaeential to have blood grouping earned out and arrangements 
completed for an Immediate trnnsfuBion should it become necesBary 
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The liml) must be stabilized — ^Attention must bo directed to placing the 
limb upon a sandbag m the most oonvcmcnl jiosition for the selected appioacli 

and to seeing that it is maintained fiimlv 
V in that iiosition tlnongliont the opciatioii 

'7if> (>'ig 

\ ' A ’ Eadiographs should be at hand — 

' . ^ Espccinllv m eases nlicie theic is moie 

ij I than one scqncstinm it is essential to be 
'' A able to lefcr to the X-iay evidence dining 

( the com sc of the ojicration 

Unbridled stripping of the periosteum 
Rhmxmcro,. nmi .nn.mn for s,. IS to be deprecated~It IS iieccssaiy to 


Showing tho ]) 0 '<itiou niul iiui'<ioa for ho 
questrortoiin ofiiiolowpreiulof the foiniir imcovcr a liberal oica of the boiK 

— an aiea Avhicli extends longitndinalb 
beyond the cxticmc limils of the sequestrum, and it is 
also ncecssaiy to baic the bone m Ibe ojqiositc ]ilaiie, ' / 

but it is seldom neccssaiy io stiip moic than ono-thnd ' “i \ / 

or at the most one-half of the eiienmfcrenec Aeeiiratc | ) ,f 

peiioslcal elevation is moic likely to aeciiic fiom the ' S 1/^ 
use of a sliaiji iiistiiimcnt than a eomparativcly blunt \ 
elevator r \ 'SJm 

Opening the bone is cncctcd vitli a gouge — scvcial \ \ 

S17CS should be at band , as a inle a i datively broad j i \ 

one IS ebosen 'J’lic amoiint. of hammering and ehisclling ''ill 

to be done vanes enormously (Fig ().*12) In the case of | ! I 

a patient vdio has been absoibmg toxins possibly foi iv.( / ! / 

months fiom a dcc]ily seated scqiiestinm of the femur, \ i , / 

such a ]noccdiiic is likely to be as.sociatcd vitb a good 1 ' / 

deal of shock and it may be vise to imdeitake the 
operation in stages (Pliillqis) 

Usually the bone should bo icmovcd over the vbole 
length of the SCqilCSlrnm, Vllich if loose is then ox- male area m relation 

¥ ti acted easilv (Fig O.’b't) Kemoval of a ‘^equeitnnn m 

large scqncstinm is sometimes tacili- remn-ial of the hone 
tated bv dnnding it into tivo or moic 
parts Giannlation tissue sin rounding the scqncstinm 
should be distinbcd as little as possible foi it eontaiiis 
elements imjiortant m subsequent icgeneiatioii Onlv 
when it IS piobable that tboic aio other scqnestia 01 an 
abscess behind it should the giannlation tissue be disturbed 
Saucerization — Bv lemovmg all dead bone (ivlneb 
should be loose if the time foi scqnesticctomy has been 
\ Avoll ebosen), by picsci'ving the mtegiitv of the periostonin 

Fuj (in of at least half of tho circnmfoioncc, and by lofiannng 
ExtraetinRaseques fiom ciiiettiiig giaiiiilation tissiic mucli AVlll be done to 
train nah aeqai's ffiyour cvoiitiial healing Avitlioiit loenrioiicc Tboio is 
rmn oui))') howevci . oiie iiioio most impoil.ant duty, that is if 
possible to sanecrize the bone Ovci banging bone edges must bo cut 
aAva\ so as to leave a ca^nty vitb gcntlv sloping vails 'Po eoiu’^eit the 


uncover 


of the bone 
longitndinalh 


R e q n e s t r e I t u ni \ 
ShoMinc; tho niqiroM 
mate area in relation 
to tho <;eqiie-itnnn m 
■nhieh to eomnienee 
reinni al of the hone 

the scqncstinm 


\ 

Fm till 

E\tmelinftaseqii("< 
train Mitli Heqn("i 
train foieo|)'< 
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bone defect into a trougli at leaat a third and eometimes nearly a 
half of the cironmference of the shaft must be chiselled aivny (Fig 034) 
In the case of round bones such as the humems and 
the femur there is natural hesitation to sacrifice 
what may appear to be an undue amount of Involu 
crum Such hesitation m the case of unsupported bones 
(femur humems) is sometimes well founded for in 
spite of suiting patiently for weeks or months the in 
volucnim may be too fragile to withstand drastic reduc 
tion It is in cases such as these that ‘stage oi>eration« 
con be contemplated Obnouslj there sre cases where 
anatomical considerations or the nature of the disease 
limits this method of choice Take for mstance the 
lower end of the femur whore it is so necessary to keep 
awav from the cantv of the 
knee-joint Here the gouge 
and the chisel arc dangerous 
instruments and recourse 
miurt be made to the older 
raethoil of sharp curettage 
to remove os much os jiossible of the over 
i'lo su hanging bouo (Fig 03 >) 

WW etunUtna b dingvoui « ^itcoroesaboutthatmspiteof luumpeaohable 
\ olkBttaa ■ tpoQp judgment and perfect technique there will alwajB 

^ some cases of recurrence and failure to heel 
Tile latter will oooupv our attention presently 
Drecsiiig and ImmobOUatioa — Having completed the operation hr 
rendering the trougli as mochanlcall} aoond as circumstances permit the 
whole wound is plugged with gauxe which is then pulled out to make certain 
that It does not get caught upon a sharp edge which has been overlooked 
The game packing is again inserted and the tourniquet is removed By 
withdrawing the gauxe slowly some lielp m locating spurting vessels is 
afforded 

It was for cases of cliromc osteom^’eUtis that Winnett Orr first framed 
his closed treatment Whatever mav be the merits and dements of the 
metliod m other conditions there is abundant agreement that it is the 
treatment after sequestrectomi In our opinion it is Itcst to adliere to the 
\Vinnott Orr teohmqne Tlie whole cavity is packed with vaseline gauxe 
another piece of vasehne gauxe w spread over the area Vaselme is smecred 
lightly on the skin for a considerable distance around A plaster cast which 
will ensure complete immobilization of the part is then apphed B T PJP 
or modifie<l BIPP m the wonnd as favoured bi some has the 
disadvantage of obscuring X rai studios of lione rogenoration 
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SAoeerisstlon. 
SIktitIii; tbe unofuit 
of pnkwtmm «nd 
boce «hkh matt be 
mnored tn order that 
tie pro etdore iii»r be 
efBefcnt Note i»r 
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firtber thin U n«T*- 
••rr 


TBOHNIQUE— IHDIVIDTJAL BOHEB 

Tlblm — The tibia is one of the easiest bones upon wliich to perform ideal 
sequestrectomy This is fortunate for it is one of the bones upon which the 
operatron is roost froquentU required A tourniquet can be used with perfect 
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Soquostrcotoiny lower oiulof (ho fciinir 
Tlio integrity of (ho capsule of the knee 
joinl should bcacnusoofconat-nnt\ngil 
To this end (ho incision through the 
inusolca must not extend low or than an 
inch nhoA o the oxtcninl condvlo 


satisfaction and in tins instance undue liroinorrliage, eitlier nnmediatel}' oi 
during the iiost-operative peiiod, is imjiiobable The skin incision should 
follow the middle of the anteio-internal surface When clnselhng, as iinicli 
of the ciest as possible should be letained, foi tins is the stiongest part, of 
the bone 

Fibula — Partial or complete subpeiiosteal diajiln sectoniy, uith oi inthoiit 
piiinary sutiu'e, is the method of choice Care must be exeicised to jiieserve 
the integrity of the external popliteal nerve ns it winds lound the neck of the 

fibula The lower end (external malleolus) 
must be jiieserved Avhenevei jiossible 

Femur — Loweb third — The position of 
the limb upon the operating table is shown 
111 Fig (531 An incision jiasses thioiigh the 
muscles (Fig (536) not lovoi than an inch 
above the upper edge of the lateial condvle 
and IS extended iiji as far as 
necessary Constant ivatcli- 
fiilness IS necessaiy that the 
cavity of the knee-joint oi 
its various synovial pouches 
aie not enteied When the 
sequestrum lies on the pop- 
liteal suiface of the bone 
chiselling pioceeds towaids the pophteal space until the 
angle between the lateral and the posterior suiface of the 
bone IS leached (Fig G37) With suitable letraction and pio- 
tection of the soft parts, clnselhng can now be undei taken 
until the sequestrum is in view in the depths of the space 
jNIiddle third — The incision follows a line between the 
tip of the great trochanter and the outei bordei of the 
patella It passes straight through the muscle in the hue 
of the incision No vessel of any great size is encounteied and the incision 
gives excellent exposuie of the bone 

Upper third — This is jiiobably the most dangeious aiea of the body fioin 

which to lemove a sequestium The pai- 
ticulai dangei is hamioiihage and special 
jiiecautions aie always necessaiv An elastic 
tourniquet is jilaced as high as jiossible In 
oidei to pi event the toiuniquet slipping tvo 
stiips of bandage me placed beneath the 
tourmquet and these aie held taut thioiigh- 
out the opeiation by an assistant pulhng 
towaids the patient’s opposite shoiildei (Fig 
638) On a few occasions wheie the disease 
has been too high for tlie adequate fitting of 
a toiuniquet piehininaiy hgatnie of the 
mteinal iliac aiteiy and the piofunda fenioiis aiteiv can be peifoinied a 
piecaiition AVlnch has pioved of gieat seiwco m connection Avitli tlie lenioval 
of tiimoins at the iippei end of the feinni Tlie best exposnie is aftoided 
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Fia 

Shomng tlio area of 
bono to bo removed 
wbeu the sequestnim 
lies on tlio popliteal 
aspect of tbo lower 
end of the fomnr 



Fig 03S 

V nictliod of keeping a i er^ high 
tourniquet in place Tlio looiis of 
bandage arc hold tlirougliout the 
ojieration by an assistant at tlio head 
of tbo (able 
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b\ a \‘erticail incision through the faacirt Inta on a plane with the fore part 
of the great trochanter 

Pdric girdle — The pubic bone dG8er\'es some special attention Logueii 
and llanon dnnng the 1914 18 war called attention to the clinical entity 
intractable cystitis following coraponnd fractures 
of the pubic bones (Fig 039) I'.o improvement 
can occur until the bone necrosis la eradicated 
The tequestruni must l>e romoyed and free drain 
age provided for the tiasuoe about the cave of 
Retzius The bladder itself must if possible l>© 
separated from diseased bone Deviation of the 
urmatT stream is accompbshed b\ suprapubic 
c\*stoiitom\ with the opening into tlie bladder as 
far as possible from the necrotic pubis Cystos 
tomy dmlnage most eontinne until the sinuses 
connected with the l>ono have healed (jrath6) 

(see also p 44 > ) 

Ulna— Tills l>cmg a subcutaneous bone supported by a parallel bone 
it H perhaps the moat fayourablo of all bones upon wluch to porform ideal 
BequcstTed:oiu\ 

Badiu*— Lowek tiubd — An incision between the braoliio mdialis and 
the evtensor carpi nidialw longlor exposes at least the lower third of the 
lateral aspect of the bone and gives bettor drainsgo and more adequate 
exposure than an inc-iiion lictwecn the bmchio mdialls insertion and tlie 
radial artery 

StiDDLE THIRD — Tlic postenof surface of the middle of the shaft can be 
readied between the insertion of the pronator radii teres and the ongm 
of the abductor iiollicis longus The route is to the lateral side of the 
extensor commums digitonim ond by retraction of the abductor polhcis 
kmgns 

UrpEK niraD — Tins can be reached by a prolongation of the abo\ e mcasion 
upwards os far as the external epicondvl© of the humerus By dividing 
the extensors the supinator brevis is exposed Buried in the supinator 
brevis is the postenor interosseoua nerve however the supmator brevis 
has to be divided m order to reach the upper end of the radius It is wise 
to keep the division of the supmator brevis doee to the ulna and then retract 
the mam portion of the muscle upwards to uncover the radius If the 
section of the supmator brevis bo made too far fonvard for example on the 
lateral aspect of the radios there is very groat risk of mjury to the posterior 
interosseous nerve either by the scalpel or by retractors 

Hunemj — liOWHB third — ^The bone can be reached qmte adequately 
posteriorly by an incision splitting the tneeps muscle parallel to its fibres 
Here again it is wise to open the periosteum well above the upper margm 
of the oletnanon and work from above downwards when strippmg it 
BO as to make sure that the olecranon foasa and the synovial membrane 
of the elbow jomt ore not opened 

r thibd — T he safest route is between the biceps and the insertion 

ot ttie deltoid m its upper port and along the outer border of the biceps 
m Its lower part In the lower part of the inolnon one proceeds warilv for 
76 
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feai of injuiiiig the niusculospiral (syn radial) nerve 'Idie suiface marking 
of tlie mnsciilospiral nerve is sliown in Eig 640 It is an excellent practice 

to divide the periosteum fimt in the upjier part of 
the incision and then woik from above down- 
waids It IS bettei to reach the lowei paits of the 
middle thud by undermining the peiiosteum than 
to run the iisk of cutting the niusculospiral by 
too flee an incision m the soft paits 

Upper third — The incision lies between the pec- 
toiahs major and the deltoid The guide when 
the skill IS divided is the laigc cephalic vein which, 
in muscular subjects, may be coveied by the 
overlajiping edge of one of the muscles, but which 
iievei thele.ss must be found IMoieovei, it should be 
pieseived, as it constitutes an alternative loute foi the 
ciiculation .should theie be any pathological change 
111 the axillaii'^ vein Although the uppei end of the hunieiiis can be leaclied 
at the posterioi iiiaigm of the deltoid, such a lOute endangcis the cncumflex 
nerve and blood vessels to the deltoid muscle (see ji 679) 

Clavicle and lower jaw — Both these bones are viitually subcutaneous, 
and the incision must be made so as to get an adequate exposme of the field 
of opeiation but at the same time be hidden as much as possible from a 
cosmetic point of view 

METHODS OF OBLITERATING BONE CAVITIES 

By adopting modem methods of sequestrectomy the numbei of cases 
where it is necessary to direct attention to this mattei has fallen appi eciabl}'^ 
It has been emphasized that if ideal sequestrectomy can be perfoinied, 
healing can be expected under the Wninett Oir treatment Biirther, it 
has been shmvn tliat ideal sequestiectoniy ivith saucerization may be 
impossible — 

(a) Because the involucrum is judged to be too fiagile to withstand 
drastic reduction Such cases may eventuall}’^ become suitable 
for saucerization at a second operation 
{b) Because in certain situations the anatomical ariaiigenient lendeis the 
method impracticable 

The array of heterogeneous methods which have been suggested to 
obhterate a bone cavity is foimidable It invokes admiration foi siugical 
ingenmty, but arouses suspicion that none is eminently satisfactoiy Wide 
admittmg that there is a modicum of truth in this assumption, the leadei 
must reahze that no two bone cavities aie exactly ahke, and witlmi limits 
it IS a great advantage to be familiar with a variety of methods What maj'’ 
prove a brilliant success m one may be profoundly disappointmg in anotliei 
It IS often the operator’s choice which is at fault ratliei than the method 
FiUing with foreign matenal — Daily the dental surgeon fills cavities 
rendered tolerably clean with gold and alloys These fiUings commonlj'’ 
remain trouble-free for a long lifetime It is the conviction of the majoiity 
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of preeent-daj BUigeona that to leave foreign matenal m any tieaue con 
travence tboee pbvHiological principles upon which modem eiirgerv ib baaed 

Murphy e button Lano a plates and the silver 6hgree are a fen of the 
foreign matonala which have been relegated to the museum It is therefore 
not surpnang to find that filling bone cavities nith nnphysiologicnl matter 
boa a dwindling advocacy A vanetj of anbstancee have bwn ns^ as fillings 
Mostig Moorhoff s wax {iodoform 60 spermaceti 40 oil of sesame 40) melted 
pure snlphur ream Dermatol are but a few Most with wliom this method 
still finds favour non employ ordmaiy plaster of Paris stenhxed dry and 
then mixed with sterile water and perhaps a httle iodoform or other antiseptic 
(Aleesandri) 

There la also much to bo said m favour of a material which can fill everj 
nook and cranny of an avkward cavity and j'et is not a foreign matenal m 
the ordinarj sense this is stenilted mutton fat It can be meltoil and 
poured into the defect m a hquid state and vilJ set at boch temperature 
The type of cavitv in which this form 
of fllhng is indicated Is a deep seated 
cupped cavity which is obviously un 
suited to sauceriration Such a cavity 
might be found during a primary 
operation for sequestrectomy of the 
Brodies abacees type In the filUng 
of a canty with extraneous materiol 
those pnnoiples which the dental 
surgeon employs including flnalli 
drying the oavitv vith hot air help 
to secure success 

Pedicle mufole rraft — The partiou 
lar indication for a muscle graft is a 
large tunnel xn the bone with on over 
lianging edge or edges wliioh ennnot 
safely be removed the bone being a 

mere shdL Once agam this type of case will be met with more frequently 
at ft primary operation of aeqneetreotomy \Mth older wounds where 
packing and phurter have been roeorted to it is diftioult to get on adequate 
muscle flap (Fig Ml) A musclo flap is a happy terra for it implies that 
the musde must have a broad attnohroont with an ample blood supply 
A muscle attached at one end dangling in tlie bone cavity is worse than 
nselesa it soon dies and adds its toll to the septic raomsa The muscle flap 
must be of such a sire as to more than fill the cavity there must bo 
no recesses m which blood can collect In order to keep the muscle mass 
in siiu it may be advisable to drill the bone in two or three placta to pass 
sutures throu^ the muscle and out through these holes 

Lord advisee closure of the skin wound about an entrance and an exit 
rubber tube which passes into the bone cavity For the first twelve hours 
after operation the woimd is irri^ted with sodium citrate in order to obviate 
collection of clotted blood (Fig 041 inset) Thereafter for a few days 
irrigations of Dakin s solution are snbstituted In this way he states sunpu 
rating luematom 0 ta whicli are the principal causes of failure are obviated. 

76 a 
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Lining the cavity with skin — All tlie pimciples of slaii giafting liave been 
invoked and the type of case which is suited to one oi otlier of these 




proceduies is the cavitj'^ 
winch IS well lined with 
giannlations and has been 
ti eated by paclang and 
2 )laste] Once moie, tlie 
ty^ie of giafting suited to 
one cavity is often contra- 
indicated in anothei It is 
not unusual to encounter 
cases folloAving sequestiec- 
tomy, esiieciaUy of the 
tibia, wheie wounds sur- 


Fici Oi.i loundcd by scar tissue vill 

Whole tbiclmcfis flaps Tlio grafts can bo Kept in contact j^ot lieal They aie the 

are raised on eitlici aitli tlio bone cavity by tm taclu* r* i 

BidoofthecaMt^ (AflerjJrd) Seat of chlOlllC lllfectlOU, 

yet, as far as can be ascer- 
tained, the underlying bone is healthy Such cases respond paiticularly 
well to skin gi’aftmg In every case tlie wound must be lendeied in a fit 
condition to leceive a skin graft Whatevei method 
of treatment has been emploj^ed, several days’ iiiiga- 
tion M'lth Dakin’s solution oi eusol is indicated . / ( 

then follows three oi four days’ treatment vith / ' 

saline niigation and paclcs Such tieatment sliould ^ 

cause the wound to become covered — 

1 I j with small fiesh granulations ' 

i \ ^ Thiersch grafts can be employed p^i.eiegmftforlm.ngabonc 

/ ^ \ j m selected cases They arc apjihed cavity {After Kweitncr) 

/ .■ ^ ' on tuUe gras (seep 181) which is 

L( Vj ' ^ place by a cast of dental ivax moulded to fit the 

i( ■ "'^^j^AviTY cavity ]ust before the grafts aie cut The dressmg lemains 
undisturbed foi ten days Although at the first diessing 
the appearance is often disajijiointing, a fuither foity-eight 

V / 1 hours will show that a number of the grafts have taken 

V 1 Pinch grafts (see p 170) can also be emjiloj^ed 

Shding whole thickness skin grafts aie admnable m 
' deep troughs They have been used, particularly by 

' ! Trench surgeons, with much success It is advisable to 

Fia 045 laise the flaps from the undeiljnng soft paits on either 

Anotber inctliod of wound (Fig 642) and wait a week or ten days 

constnioting iwdicie before fastening them into the bone cavitj'’ In oidei to 
gmftfl to fill a cavity jjgep the slcm m contact with the walls of the cavity, 
'"tibrn*''^ ( j//er r French surgeons drill small holes in the bone and pass 

sutures through them 

Loid employs tin tacks to fasten the graft in the bone The whole 


Fici 04.1 


Wbolo tbiclmcfis flaps 
aro raised on eitbci 
Bido of the cav it-\ 


Tbo grafts cmi bo Kept in contact 
\Mtb tlio bone cavitj' by tin laclu* 
{After jMriJ ) 




Fio 044 

Fcdiclo graft for lining a bone 

cavity {After Kirfchiier ) 


tpWITY 


Fio 045 

Anotber inctbod of 
constructing pedicle 
grafts to fill a cavity 
mtbe upperend of tbc 
tibia {After Lord ) 


techmque will be appreciated by reference to Figs 642 and 643 

A pedicle graft is sometimes the best method of lining a cupped cavity 
Similar means of holding the graft in place can be employed Two types 
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of pedide graft are shown m nga 044 and 04 "5 After a week or ten days 
during which time oocamonal irrigatJona are advisable the tacks are removed 
and a mould of dental wax Is applied unbl the deop surface of the skm is 
attached firmlv to the bone 
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WOUNDS OF THE JOINTS OF THE UPPER EXTREMITY 

THE SHOULDER-JOINT 


SURGICAL ANATOMY 


T he shoulder is a ball-and-socket joint with an extremely wide range 
of movement The socket formed by the glenoid cavity being shallow, 
the artieular surfaces aie unadapted for stability, which depends 
mainly upon the tone of tlie surrounding muscles To permit a wide 
lange of movement the capsule is necessaril}^ lax — so lax that it could 



accommodate a bone head tvnce 
the size of that of the humerus 
I'liere are four bursai in relation 
to the shoulder-joint — 

1 Subdeltoid and subacromial bursa 

18 ono large cavity separating 
the deltoid and the under-sur 
face of the acromion from the 
capsule of the jomt, the tuber- 
osities of the humerus and the 
upper part of the shaft respec 
tivcly, from above, doivnwards 
Tins bursa commumcates ivitli 
the shouldcr-joint proper in 10 
per cent of cases 

2 Subscapular bursa hes between the 

subscapulans on the one hand 
and the neck of the scapula and 
tlio base of the coracoid process 
on the other 

3 Infraspinatus bursa separates the 

infraspinatus from the neck of 


Fio 040 the scapula 

-..on of .Lo lef. ^ 

^ biceps carnes a tubular prolonga- 

tion of the synovial membrane of 
the shouldcr-joint mto the canal in the Jiumerus, in vlneh it lies (Fig 040) Pus m the 
jomt may spread along this sheath 


Needling the joint — The most accessible site for puncture is the anterior 
surface of the capsule elose to the medial border of the deltoid 

Relations — In close association mth the shoulder-joint is the neuro- 
vascular bundle supplying the arm Also related to the neck of the humerus 
IS the circumflex (axillary) nerve supplying the deltoid (Fig G47) It 
will be readily appreciated that wounds of the shoulder-joint are hable to 
implicate important nerves and blood vessels An investigation has shown 

078 
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WOTHTDS OF THE -TOIFTS OF THE UPPER EXTREMITY 

THE SHOIJLDEE-.TOI2fT 


SURGICAL AlfATOI'IY 

T he shoulder is a ball-and-'-'Ocket joint ivith an extremely Tvide range 
of moToment. Tke sofket formed by the glenoid cavity being shallov. 
the articular =ijiface=; are unadapted for stability, ■n'hich depends 
mainly upon the tone of the surrounding muscles. To j>ermit a rude 
range of movement the capmle is necessarily lax — so lax that it could 

accommodate a bone head tvice 
the dze of that of the humerus 
There are four bursas in relation 
to the shoulder-joint : — 

L H-oMeltoia 2n3 ruiaorcnfal 

OH'S laifT? csTitv s'TJS.raiiEZ 
the deltoid -and the tmder-sE’' 
few of -tie ai-m-nion frot3 tli? 
capstde of tie joint, tie tntjer- 
•■isrtles cf tie intaorn* and tb® 
tipper part cf tie sieft re^"- 
tarelv, from -aboTe. dotratrardE- 
TiuE b-arsa c-ommtmicates "mui 
Tie Moald^r-joiat proper In 
per eent, of oasee, 

— K-nircopp rlpT trjXBa. bes betTWen tie 
KTibseapnlBris on tie one iand 
and tip ned: of tie Beapnla and 
tie ba^e of the coraeoid proees^ 
on tbe otber. 

3. InSsEjErtatus bnrja -Beparetes tap 
Infra'pfnat'UE from the netk of 
tie soapnia. 

4. Sjnatial sneati oi ihe lacetK — Tip 
tendon of "‘ie lonn iead of tie 
ble-pp'^ Carrie'^ a tubiilBr prolonra- 
tjon of tip FTnoidal membranp of 
*^ip eanal m tie inmprna. m ■voijfi j* be*; (Fiz- Pj'= hi the 



LOKGK£*D 
O- BICEPS 


jriG iii'p 

Xponintnnmai peetaon of tie left i=aoLloe''-nnnrt. 


tie hi''! Jder-j''mT . 
innr mar -^-ead al-inj: tihb Knestn, 

Xesdling the joint — The most a-r-ces'sible site for pimc-ture is the anterior 
surface of the capsule r lose t-o the medial border of the deltoid. 

Halations — ^In close association vdth the shoulder-joint is the neuro- 
vasrpular hundle supph-ing "^he arm. AJso related to the neck of the humerus 
is the circumflex faxUlart-j nerve supplying the deltoid fhig. 647j. It 
-vxQ be readily appreciated that -voimd? of the shoulder-joint are liable to 
imrkcate imr'ortant nerve- and blood vessels. An investigation has shotvn 
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K^pr twitment — Aotivo niovoincnt w then begun nud is nsumted by 
rcbnbibtnting oicrciw* If nfter snob trcntincnt movements nre siiil 
rc*tncted manipulation under nntcHtlicsin is 
to be advocated Tlila must bo earned out 
with great care and it is aluax’s wiser to 
do too bttlo than too miicli If necessnn 
ropoatcil gentle manipulations gradually o\ 
tending the range of movement nro prcfcmblc 
to a forccil and cxtcnai\o wrenching which is 
frequently followed by a senous reaction with 
WD imicli pain and effusion that tlic nio\cnicnt 
nlreadi achieved by rehabilitation is lo<it 

Durmg the early stagea of after treatment 
it IS often dcsimblo to maintain full alKliiction 
A leather wnst strap stitfhe<l to an anators 
canvas lielmot (Papiirt) or a Hugby foot 
bailers skeleton cap (Forrester Prown) iiinkc}* 
a mrwt efncicnt npiwiratus for bolding the shoiildor in alxliiction (Fig OfiJ) 

late OPERATIOHS to REMEDT loss op BOHE SUBSTA50E 
When there has boon considomblo kw^s of the bond and nock of the 
humerus some kind of repnmtivo opemtion may be considered E\cn after 
the wounds Iia\o been liealo<l soundl\ for several montlis liowo>or the 
possibility of lighting up latent mfoctlon is considornblo and apart from the 
immediate danger tins will almost certainly joopnrdixo a faxonmblo result 
For tbn reason proiocntiio measures to jirwliic© such a flare up are 
retnmmondcd before a secondary opemtion is undertaken 
There are two posaiblo niotho<Is of roconsiniotion — 

1 Opemtions nunmg at a moliilo shoulder joint and 

2 Arthrodesis 

If the former is to bo attempted it is ca^ntial tliat there should bo a 
well functiomug deltoid muscle and an active un 
(Iauiagc<i long head of tho biceps 

t)nring and after the 1014 18 war nian\ mobilmng 
operations on tho shoulder joint were iwrformcd Tho 
results voTo doprcaeing producing either a flail jwwor 
loss arm (Fig 0 j 3) or one mth very bmitcd moiomont 
associated with a degree of pain incorapntiblo with useful 
eraployniont In tho majority of caoou tho results were so 
imsatiifactory that when feasible arthrodesis was advised 
Arthrodsfif — Sound bony union of tho scapulo 
bumcrol articulation In the optimum position of ab 
duction in front of the coronal piano ensuree a moet 
useful limb which providoa power and stability q 1 
though Its osmirmons are bmited It enable® the 
patient to earn hia living As time goes on it is 
nKtonislung bow mnch these patients can do in spite of the limited move- 
moDtfl Experience has shown that m the majority of cases a well ankylosed 
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WOUNDS OF BONES AND JOINTS 


axillary fold Sufficient muscle is cleared from the spine of the scapula to 
define the junction of the spme with the acromion The latter is detached 
from the spme by a chisel and hammer This enables the acroimon, with the 
deltoid to be retracted laterally and exposes the upper, outer and posterior 
aspects of the jomt covered by the spmati and teres mmor muscles These 
muscles are detached from their msertions, giving free access to the capsule 


TREATMENT OP THE BONY INJURY 


Compound fractures mvolvmg the shoulder-joint may concern the glenoid 
cavity, the head of the humerus, or both 

When the bony injury is confined to the glenoid cavity and the neck of 



Fig 651 

Shoiring range of movement six months after 
an infected gunshot v ound which necessitated 
removal of a piece of bone mvolvmg two- 
thirds of the glenoid cavity 


the scapula the prognosis regarding 
function IS exceptionally good Dam- 
aged portions of bone can be removed 
With much less trepidation than m the 
case of the head and neck of the humerus 

On Ist June 1940, P^^ate B vas voundcd by 
shrapnel in tlie posterior aspect of the nght scapula 
The track of the projectile passed through the neck 
of the scapula, detachmg two thirds of the articular 
surface of the glenoid No surgical treatment was 
earned out for three days On admission to hos 
pital his temperature was 104° and the scapular 
muscles were grossly mvolved bj sepsis, •nhicli 
required mcision and excision, mcluding the rc- 
moral of the detached bone The arm was fixed 
in plaster of Pans m the optimum position, wth 
dramage through the plaster The vast granulatmg 
surface rapidly healed except for some superficial 
ulceration in the scar, and actiie morements of 
the jomt were begun a month from the time of 
operation Fig 061 demonstrates his range of 
movement six montlis after operation 

When the head of the humerus is 
involved — The mvanable effect of a 
projectile strikmg the head of the 
humerus is to break it mto multiple 


fragments Loose fragments must be 
removed, preserving, if possible, the 
mtegnty of the tendon of the long 
head of the biceps Fragments still attached to the periosteum should 
be retained unless they are grossly’’ contammated 

Immobilization — In aU instances of compound fracture mvolvmg the 


shoulder-joint the aim should be to immobihze the arm completely m a 
position of abduction Experience m tlie present war has shown that tins 
abduction can be best maintained by plaster of Pans The technique of 
appljnng the plaster is desenbed on p COl In the absence of an ortho- 
paedic table the immediate apphcation of such a plaster is unsatisfactory 
(see Chapter LX) Plaster should not be applied immediately’ m cases where 
there is any doubt about the mtegiitv of the vascular supply'^ Jn cases of 
doubt or difficulty’" some form of aeroplane sphnt is used untd a satisfactory’ 
shoulder spica can be substituted The arm should be kept abducted m 
plaster until heahng has taken place 
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Tho biiTSfl) around the 


articulation nro unconnected 
with the joint 

Tti* nbcQtaDeoQt okmua bum 
H iltiulnl brtvera tbe Istc^rtimrat 
•ad tbr po«l«Sor triaognUr rurtAce 
of the ol«T»BOQ pro(f*» 

The deei) oleczxixii bom b tniAQ 
•nd U rltoat^d in frmt of the npper 
Rirfkee of tbe oleonoocL It »<p*r 
•ten the ten Laou imertioa of tbe 
tricei* from the poetericr hgiraent 
of the dbov Joint, 

There •re ebo tro etull bom 
in rcUtioD to tbe imertkn of tbe 
bicep* teodoo nnd t«o Incofutnnt 
boTM •Moebted Tith tbe external 
and internal epieoc^J^le1 reapectirelT 

KeedUng the Joint — Tlie 
needle la entered coady pos 
tenorly between the head of 
the radius and the external 
epicond\Ie the joint Iteing 
flexed to a nght angle nnd 
tlic forearm semi prooatod 
Kerres in relation to the 
elbow - joint — Tlie ulnar 
nerve Ijccra an intimate 
relation to the jomt l>mg 
imracdmtolj behind the in 
temal epicondjie where it la 
easil} palpat^ The jkmi 
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Lopgito dln i l •cethn throoKb tbe rl|^t elbcr Joint froca tbe 
ab«f •We tboving tbe mmbeane and bon* to 

rektioo to tbe joint ( ) 



tenor mterosseoua (deep radial) nervo 
pasBca round the neck of the radnia and 
mat be injured dunng operative jiro 
cedurea In this neighbourhood The 
median nerve u in less intimate relation 
to the capsule Jving between the bi 
cipital fasCTa (lacertus fibrosus) and the 
brachiabs muscle the latter interposed 
between it and the joint It will there 
fore be appreciated that it is compare 
tiveU rare for the jomt itself to be mjured 
without the complication of a nerve lesion 
(Fig 




Free dramige is best provided b\ 
mdsions on erthor side of tho tncops ten 
don near its UBertion, the forenmt beinc 
maintained in the semiflexed position. 
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shoulder is a better working proposition than many of the best plastic 
results The foUowmg results of twenty-seven cases of penetratmg 
wounds mvolvmg the shoulder-]omt occumng durmg the 1914-18 war is 
eloquent in support of this contention None of these cases was associated 
at the time of the mjur}'^ Avith nerve lesions 

Bony ankylosis 21 

Fibrous ankylosis 5 

Flail joint . 1 

27 

The disabihty assessment of those fixed by bonj’^ ankylosis depended 
upon the position of the arm and the function of the scapular musculature 
In the optimum position the disahihty rate was 40 per cent , and these men 
at some time or other m the twenty years have been employed on arduous 
work Of the patients with fibrous ankylosis all had var3ung degrees of 
painful movement, mifittmg them for work In eight of these cases arthro- 
desis was earned out, after which they were comfortable and able to lead a 
useful economic life In the remaming six cases of fibrous umon, arthrodesis 
AA'ould have been recommended but for repeated flares-up of latent mfection 

THE ELBOW-JOINT 

SURGICAL ANATOMY 

The elbow-joint is between the humerus above and the ulna and 
the ladius below The supenor radio-ulnar joint does not belong to the 
elbow-jomt proper The latter articulation, which is between the upper 
end of the radius and the ulna, is a ball-and-socket joint dependent for its 
strength not on the bon}^ conformation but on the strong orbicular hgament 
which encircles tliree-quarters of the head of the radius and is attached to 
the anterior and posterior edges of the lesser sigmoid cavity of the ulna 

The movements of the elbow-joint permit of flexion and extension m 
a simple hmge manner, but owmg to the obhquity of the trochlear surface 
this movement does not take place in the plane of the shaft of the humerus , 
when the forearm is completely extended it mclmes outwards from the elbow 
at an angle of 170° This is called the “ carrying angle ”, it is frequently 
lost after fractures about the elbow 

The best position for ankjdosis Avfll depend to a great extent upon the 
patient’s occupation In general it is semiflexion, with the forearm midwaj" 
between pronation and supmation, so that by movmg the shoulder the back 
of the thumb is brought to the mouth, which is the position of greatest use 
In the case of a clerk the position of the hand m writing, % e a few degrees 
of pronation, will be preferred for the right hand 

The synovial membrane of the elbow-jomt is extensive , it is reflected 
over the hgaments and forms a pouch between the lesser sigmoid cavity and 
the circumference of the head of the radius The synovial cavity (Fig 664) 
IS most superficial at either side of the triceps tendon where sweUing can be 
observed in cases of effusion into the joint 
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\rouiuli» after tbe\ liavo been oTcised being an unsnitablo 
avenue of approach Oilier b ba5-onot-Bhni»c<l incision (Fig 
(iSO) giica go^ aeccsB to tho clbovi joint proper and to tlio 
radio liunicml and upper radio ulnar joints 

ImmobUkatlon — ^Tlio ami and forearm sboiiid be oiicaBcd 
m plaster of Pans intli tho joint at n nglit angle and tho 
hand in tho supine position 

LATER TREATMENT 

^Vlicn tho acute innnmmator^ reaction has subsided the 
time has come to consider tho eientiial function of tlio joint 
Tliere are two alternatives — 

1 'Mobihti 
J Ankylosis 

Tlie choice is to some ovtent influenced tho 
patient s future occupation A mobile but unstable joint 
IS of little economic value to a working man bnt a sound bonv anln 
IcHts in good jKMntion will pronde a usefui bmb Oonicrselj m many 
occupations a degree of mohditi oven If tho thrust bo weak ls of moro 
importance than a fixed stable joint Take the case of a professional 
violinist it IS niobilitj of tho elbow joint — not power — which is of paramount 
importance 

Hethods ol secnrini; mobilltr — ^V1len clinical examination supported 
radiographs suggest tliot a fair range of movement sliould be attainable 
the following considerations most receive appropriate attention It shonJd 
be noted carefully that joints wliioh show seemingly devastating damage 
radiologlcallj can develop o surprising range of movement Others 
demonstrating an apparently trifling bone lesion ma^ fall far short of 
expectation It is therefore oasentinl to consider tho cnee carefiiUy 
especialli from the clinical aspect taking into consideration the patient s 
work before deciding on a jiarticular course 

Careful note thould be taken of the nnjee of ectlee morement. The Joint U then put thrungh 
fCQtle p*«slre moremAntJ until tbe point of HmltaHoa !• rT«efaed. The OAtore of the re«Ltaare 
will be A TCTj fair lodoi M to «bethcr one u op lAslnat • bonj or flbroiu obrtmetion. If It be Abroad 
tbe roiitjuioe « lO be rwibcit to Aome extent, •nil If tbe nccMoro le kept up It m*j c*tiie Shoold 

mcTTemeiit be rettrkted m aH dlrcctJoo* It to mo inJirAilon of eerkHa troaWe In Ibe Joint iUelf And 
nwAt Ukeiy there »1D be Arthrttlo ehAnge If tbe raoretnenU of proo*tloo And xn^iiAlloei bo ftw 
hcrAerer tbe Mon mxj be Aooght cKOcxle the Jouit And a genenl artbritii of tbe ArticaUtiw 
dbcticntcd IVben reet«tfc*i condoed to fledoo only or extAMke only one would expect a 
bocy block la tbo ooe cue Atxl An Aiicborins Adbeekn or tcAr In tJ* other The retlllant type of 
waatA Bce monVl be Axpected in soeh IbnltAtlm of extension. CcewulUnR rAdiojrAiiM ibw^ bo 
deferred until tbe cUmcAl exAmlOAtloa to completed, ax In thto InxtAnee rAdkcTAphy can bo a rerv 
nnretiAblo «itnc^ 

CoNTBAOTED BOAR IS A Comparatively common cause of reetnction of 
extension after wounds about the elbow joint have healed Physiotherapy 
wiH go some way towards the freemg of minor degree* of this condition but 
rt IS nsunllj qmcker and m most coses more permanent to excise the scar 
U n^al skm margms cannot be approximated without tension a plastic 
flap from tlio abdominal wall give* satisfactory reeulte 
77 
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If the Dijiu}'- does not involve the aiticnlai sux- 
face, and the subsequent treatment does not leqmre 
excision of the bone ends some degree of mobihty 
ma}^ be exj)ected, piovided that adequate means are 
adopted to secure it Full flexion of the forearm in 
supination, preferabty b 3 ^ the Thomas’ collar and cuff 
method is the ideal starting position (Fig 656) As 
soon as the muscles have lecoveied then tone this is 
removed and fmiction and giavity aie both enhsted 
in the attamment of extension and pronation, which 
lejnesent the normal position of the hand and forearm 
at rest AlS extension inci eases it is vise to re-applj' 
the coUai and cuff during the mght m oidei to ensure 
the main- 
tenance of 
656 full ilexion 

Thomas’ collar and cu£E and Slip- 

1 11 a 1 1 o n 

Failme to appreciate this neces- 
sit}’- vaU lead to permanent loss 
of fuU movement 

TREATMENT OF WOUNDS IN- V* X'' j 

VOLVING THE ELBOW-JOINT ^ 


9 


Compound fractiues nivolv- 1 

mg the elbow-joint call for httle ^ * 

special detailed consideration , Fig 657 

the general prmciples concerned FJad elbo^^ After excision of the lower end of the 
with the treatment of compound humems 

fractures due to projectiles hold 

good Loose fragments must be lemoved Li ceitam cases wheie the jomt 
IS shattered and contammated wide removal of bone is unavoidable Li 

other instances an effort should be 



Fig 668 

Painless, unstable flail elbow 


made to pieserve pieces of bone 
attached to soft parts and reduce 
them Avoidable extensive resec- 
tions aie to be deploied, especially 
m the eail}’ stages of treatment, for 
so often a flail elbow (Fig 657) re- 
sults The aim hangs as a useless 
apjiendage (Fig 658) and external 
splintage is needed to flx the articu- 
lation in a useful position Further- 
more, operative intervention aimed 
at the rehef of this instabihty is 
usually disappointing 

Approach to the elbow-] omt — 
In the rare event of the wound or 
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]\'Ianipulation — As in other joints after severe trauma, movements 
attained by the patient’s active muscular contractions are permanent and 
sound, whereas surgical mampulation under ansesthesia, or forced passive 
movements bj'- the masseuse, are frequently followed by local inflammatory 
reaction, M''hich not onty requires subsequent rest to alleviate it, but can 
so easil}^ demoralize the patient On the other hand, there is a scope for 
mampulation of the elbow -jomt where the bone lesion has not been extensive, 
and where adhesions are obviously hmiting movement 

When the wound has been involved m septic comphcations, before 
mampulatmg the jomt it is wise to adopt provocative measures to reveal 
latent mfection The mmimal force must be apphed and any feehng of bony 
block must dissuade the operator from contmuing the manipulation On 
many occasions forearm bones, especiall 3 ’^ the olecranon process, have been 
fractured bj'^ mjudicious mampulation In successful cases of jomt mampula- 
tion tethermg adhesions are broken down, and in order to reap the maximal 
benefit from this good fortune, thorough post-operative physiotherapy should 
be instituted at once In cases where fuU flexion and supmation are 
attamed the collar and cuff method (see p 684) is an admirable form of 
after-treatment 

Joint resection — It has been pomted out that the majority of men 
prefer a soundly fixed bony ankylosis m the optimum position to a movable 
elbow with a comparatively weak arm On the other hand, there are callmgs 
where movement of the elbow is a pnor consideration , also there are cases 
of fibrous ankylosis and painful arthritis in winch excision of the joint is 
hkety to improve the lot of the patient 

If the ankylosis is hmited to the radio-ulnar joint, excision of the head 
of the radius will often restore the power of pronation and supmation 

By excision of the elbow-jomt is meant a carefully considered operation 
performed after aU inflammation has subsided The approach is through a 
posterior mcision, sphtting the triceps, or OUier’s mcision can be employed 
The ulnar nerve is dissected carefully and retracted out of harm’s wa}^ and 
the jomt IS entered By suitable dislocation the lower end of the humerus 
IS exposed and that portion below a fine joining the tips of the epicondyles is 
removed with a saw occasionaUj’^ it is necessary to go a httle higher After 
suitabty clearmg the head of the radius and ulna, section of these bones is 
earned out The ulna should be divided at a pomt that wiU just remove the 
articular surface of the coronoid process For the radius the resection should 
pass through its neck 

It IS remarkable how compensator^'^ contraction of the biceps and tnceps 
wiU overcome this large loss of contmuity of bone, providmg the operation 
IS well executed and is followed bj'^ appro pnate after-treatment 

The arm is mamtained m extension until heahng takes place This is 
followed by fixation in full flexion and supmation bj’’ the coUar and cuff 
method The flexion is gradually reduced as muscle power develops 

Throughout all stages of treatment of elbow lesions it is essential that 
the shoulder and the fingers should be kept freel 3 '’ movmg, and the patient 
should be encouraged to put these jomts through their full range of movement 
by his own voluntary effort 
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verj troubloomo but rcbtoration of function in Inrgo degree may be 
confidentU expected from Baldinn s operation 

Bildwini opettifla— In thl« proccdoir 1 to IJ in. of bo€» *nd prTio*t«rm are rw«t«i from 
the knrrr end o< the aht*, ImwIialHy abore the aljlcid pit>cr>i through an fneWon on the 
wheutaarom LenJer FoDoamj: thr oprratkm the rotary moTtroenU ahkh onKinaDr tcok 
pla'e at the inferior radio-ubiar ^olnt air mw prrfonned at the rwoJting ulnar p'e»darthio«I<. 

INFECTIVE AfiTHRinS 

Needling ol the wriit-Jolnt — ^Tbo distal end of the mclins 15 palpated 
and the needle i« mtroduced between tbo tendon of the extensor indicia and 
extensor poUlcis longue Arthrotom\ Is licst performotl through Olber 8 
first dorsal longitudinal incieion (see llg OrtI) If neccsHar\ through tine 
incision b} suitable retraction both roaa of carpal bones can bo displavod 
Tbe differential diagnosis between infection of the nlnar bursa (p 720) and 
suppurative artlintis of the anst is often difficult A\ liile Kanavel bos 
shown that the wnst joint ma\ become involved from infection of the iibior 
bursa it is more usual tlint one or other of these conditions is present alone 
m the first instance but it ma\ bo a difficult matter to decide which In 
this connection a case quoted bv Isebn is Instructive 

The p&Urat voaadrd 1 b tbe uiatomkol euuS box by b piero of |iU*i No tmtment uxi 
aodnUlsMi for arreroldB)!, mhm afai>rcr«« fonnBiloo In tbe bBThd broBsw nuaJfst. J Qo^o, 
tbe etneTpjioy iurproo, operoted. There do p<» In the tila»r bum Retr»cthif the tmdoo 
ihe«tln adde be toaaA. tbe vrfiUjolBt dkteixfed. He tbec mBde i donxi inddeo usd rnurmi the 
■e mfl n n x r imne fai order to prorlde frw Hrxfruc* for the pur. Tbe rod irruJt eieeUent, 
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]omt IS involved, one of the reasons being that the sutured tendons interfere 
with drainage It is better practice to reserve tendon suture until danger 
of infection has passed 

TREATMENT OF RECENT WOUNDS 

The wounds are excised and ragged tendons trimmed Loose fragments 
of the articular surface of the radius must be removed, but as much as 
possible of the lower end of the radius should be preserved, especially its 
styloid process When it comes to deahng with mjured carpal bones, resection 
IS mdicated This should not necessarily be complete, but there must he 
due regard to lateral defornuties , for mstance, if it is necessary to remove 
the sermlunar and scaphoid, the cuneiform should not be left When the 
fracture mvolves both the carpus and the metacarpus as little as possible 
should be done to the latter bones, especially if the tendons are intact, for 

fractures of the metacarpal bones generally heal well 
On the other hand, if the tendons of the correspond- 
mg finger are mutilated, a good method is to com- 
mence by amputating the finger with its damaged 
metacarpal bone, and to proceed to remove the frac- 
tured carpal bones through the ample incision which 
results The halves of the spht hand can be umted 
at once if the wound is clean, or left for secondary 
suture 

If the wound or wounds do not give adequate 
access to the wrist-jomt and carpal bones, Ollier’s 
mcisions (Fig 661) for excision of the wrist may 
prove of value The principal incision follows the 
Pig 001 radial border of the extensor indicis After the 

Ollier’s incisions for excision tendon has been defined the mcision is carried down 
of the •wTist joint to the periosteum The ulnar meision commences a 
httle above the styloid process and runs down to 
1 m above the lower end of the fifth metacarpal bone It is placed nearer 
the palmar than the dorsal aspect of that bone, so as to leave the tendon of 
the extensor carpi ubiaris m the dorsal flap of the wound This mcision 
exposes the cuneiform and unciform In cases where it is tliought feasible 
to sutuie the skm the jomt can be immobfiized m Jones’ cock-up sphnt for 
a few days until it is ascertained that the danger of serious infection has 
passed In other circunistances the wound is packed hghtly -with vaseline 
gauze and a plaster cast apphed with the wrist dorsiflexed 

The treatment of late Avounds involving the wrist-jomt calls for no 
special mention, as the prmciples mvolved differ in no essential respect 
from those detailed m connection with other joints Limited removal of 
fractured carpal bones will aid in the establishment of free dramage which 
is so essential Ankylosis of the wrist-joint is compatible with excellent 
function provided that the wrist is m good functional position, and the tendons 
are not destroyed or the finger-joints stiff In many cases, however, there 
IS associated ankylosis of the infenor radio-ulnar joint, leading to loss of the 
rotarv movements of the forearm The disabihty resulting from this may be 
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WOITKDS IKVOLVI^a THE HIT JOIJ.T 

Ii primary amputation indicated P — In the great raajonU of casoa the 
answer is dofinitolv no The mortahU following amputation at or near tlie 
Uip-jolnt in war timo as estimated bj vanoua authorities ranges round 
the figures of 80 to 100 per cent In nil probabilitj if a patient succumbs 
without amputation his death would l>o hastened b} the radical operation 
In advising against amputation full consideration has been given to modem 
resuscitative measures In the exceptional case where gangrene is threatened 
or hremorrbage cannot lie controlled b\ other means there is no option 
and the nsk must be faced In selected cases tlio sleeve amputation (see 
Chapter LX\niI) is a life saving nicasnro It niis designed bj the writer m 
1010 to obviate disarticulation of the hip in cases of Imd surgical nak 

Primary closed pUfter technique It contraindicated — ^^atevor may be 
the ments or dements of this technique m other regions it should not bo 
employed in cases with severe wounds involving and surrounding the lup 
joint A number of such cases wore seen durmg the past I’cnr injured 
ortonsively on board ship by mmea torpedoes bombs and shells Plaster 
fixation m the inajontj proved an onibarrassment to those responsible for 
the subsequent treatment and it was often tho cause of a poor final result 
Tlio necessan extension was not provided and tho removal and replacement 
of a plaster encasing the entire limb and pelvis was found to be by no 
moans a minor procedure Jones abduction frame as set out in Chapter 
L^^I is recommended as a substitute for plaster Piaster ma\ be applied 
wlKin the danger period ims passed but it is bettor to conduot the entire 
treatment on tbo abduction frame Tho uumobiliaation is satisfaoton 
Tho dressings should bo infroquent 

Because of bone infection or proxiinit> to and consequent infection from 
tho anus such wounds are seldom suitable for secondary suture On the other 
liand large gaping deep lacerations of tho buttock when the time cornea 
lend themselves to corsettngo In this connection the following case is 
relevant 

A rtoker itm iwUed qd tie Urtlorj «hpn Ua ship atrock « mlpf ITio broken crockoiy inflkied 
» »oBiid of the ifaht buttock which luTolTtd the aitu. The roccyx and aaicmin woro fractinwd- 
By the time be mofaed boepctal ali dm} a Uler the wooud vma froad} Infected. By 
OQ m modified abdoclion frame and auftwe treatmeDt, «hkh Incloded a coksatomy a cocnpaiatiTelr 
fandthy framdaUnc wonod «aa obtained. Oonettage prored a great hdp in erpetUdog bealtof 
Peconoary anttire wai partiaUr ancceirfoL 

0FERATI05S UPOK THE HIP-JOIKT 

Alajor ojiemtions upon tho hip-joint are seldom indicated m war wounds 
The question resolves itself largelj into methods of iiroviding free drainage 
in the case of jiotential or actual suppuration within the joint If severe 
commmution of the head and neck is present with infection and there is 
tracking of pus and the oonvemon of bone fragments into eoquestra the 
whole head and tv portion of the neck of the femur should be excised Unlike 
the knee-joint the B\'novie of which is so large and snperfiaal repeated 
aspiration of tho hip-jomt for therapontio purjiosee is sometimes impracticable 
B> the time tlie need for osjuration of the hip-joint enters the picture tho 
joint will uHuaUv require siirgioal drainage The advantages of the timelv 
entrv of a hollow needle into this deep-eeated jomt caviti and the 
demonstration of pns is a matter for fr^uent consideration 
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WOUNDS INVOLVING THE HIP-JOINT 


A WOUND which involves the hip-jomt from any aspect (Pigs 662 and 
663 j IS likely to he devastating Large vessels and nerves, more 
particularly the femoral vessels and the sciatic nerve, often are 
implicated and, m addition, the femur and the pelvic bones may he 
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Anterior aspect of the hip-joint 


Posterior aspect of the hip-jomt (L H Taylor ) 


shattered A study of statistics, rangmg from the war m the Crimea to the 
Spanish civd war, gives grim and gloomy mformation Most of the com- 
plicated cases died in transit to hospital Wounds of the hip-joint present 
problems which need special consideration 
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ApFrtmdM to the hfp-Joint. iLildng 
c«iiiitfrr>dr»Juce wftii tbe lid of a 
ImM — Aotbori tbljnhb to 
prutKt tbo fiogcT 


downwards and inwards for 3J in The 
aartonns and rectns femons miiaokM are 
retracted to the inner side the tensor 
fasate femons and gluteus mediua and muu 
mas to the outer side of the wound Without 
division of any musoksa vessels or nerves of 
importance the ontonor part of the capsule 
of the joint can bo reached in the mtorvul 
between the musolos mentioned. The neck 
of the femur is divided with on Adams saw 
or broad chiflol while the head of the bone 
is still »n s\in After the division of the boue 
the head is lo^’eTed out of the acetabulum 
with a strong broad gouge Drainage can 
be ostnbllshi^ by a counter-opomog behind 
and m making this opening the authors 
thimble may bo found of use (Fig COfl) 

Lateral approach — ^Tbis method was em 
ployed bv J B Murphy for arthroplasty of 
tlio hip It gives an oscollent oiqposuxe 
Tlio patient lies on his side A curved 
incision commences at the antonor superior 
spine passes downwards below the top of 
the groat trochanter and ends in the region of the posterior supenor iliao 
spine The aponeurosis of the glutens mozimuB is incdsed vertioally and 
retracted backwards The groat trochanter is divided either obliquely from 
below upwards with a chisel or m the revorse direction with a Gigli s saw 
1 in below its upper margm The detached 
portion IS retracted upwards with its attached 
muscles (gluteus mediua gluteus nummus) 
(Fig 000) The other muscles are divided or 
separated with a periosteal elevator The joint 
capsule and margin of the ocetabuloni are now 
exposed The capsule is opened vorticalli and, 
when indicated the head of the femnr is dia 
located from the acetabulum b\ adduction and 
internal rotation of the thigh In civil s u r ge r v 
wlien the operation is completed the detached 
portion of trochanter is usuaUv fixed m position 
by a peg or nad This method should not be 
attempted m the presence of infection It is 
best to approximate the parts with a few 
mtermpted catgut stdtohee and not to attempt 
anything more 

Pcftsrior approach— This is probably the 
beet approach for the purpoee of drainage 
It was advocated by Kooher The patient 
bes prone The moinon begins at the base of 
the posterior surface of the great trochanter 
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Needling the joint — The puncture may be made about 2| m below the 
anterior supeiior ihac spine, between the sartorius and the tensor fasciae 
femons A large bore needle is pushed upwards, inwards and backwards 
beneath the tendon of the rectus femons It passes through the capsule 
just above the anterior intertrochanteric hne It wiU be remembered that 
the tensor fasciae femons, as it descends, diverges from and makes an angle 
wath the sartorius, and in this angle the rectus may be felt as it covers the 
capsule of the hip-jomt Hamilton Bailey suggests locating the femoral 
artery with a finger of the left hand just below Poupart’s hgament and 
driving the needle external to this point with an upward tilt towards the 
head of the femur He pomts out that it may be necessary to manipulate 
the needle several times before a satisfactoi y entry is assured 

SURGICAL APPROACH TO THE HIP-JOINT 

In the past as many as eighteen different methods of exposmg the hip- 
jomt have been descnbed The jomt may be reached by an anterior 

ABC 
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Approaches to tho hip-joint 

A, Antenor approach B, Lateral approach C, Posterior approach (After Alluon ) 

approach, a lateral approach or a posterior approach (Pig 664) The choice 
Mull depend on the extent and position of the wound 

Anterior approach — The patient is rolled partially over to the opposite 
side, with a long sandbag supporting his back 

Modified Smith-Peterson mcision — A curved incision passes along tho crest of tho ilium from the 
antenor supenor spmo to the middle of tho crest Tlio mcision is prolonged vertically do^vnirards 
from tho antenor supenor spine for 4 or 5 in Tho horizontal portion over tho crest is deepened 
to the bone Tho ongm of the gluteus medius is cut and tho side of tho ihum stepped of periosteum 
and muscles vith a pcnostcal elevator This portion of tho -Hound is then packed mth gauze 
The lover vertical portion of the vound is deepened in tho mterval bctHccn tho sartonus m 
front and the tensor fasoiaj femons behmd With tho introduction of retractors tho capsule of tho 
hip-jomt comes into iiev The capsule is opened freely and tho anterior portion of tho head of the 
femur exposed Flexion and rotation of the thigh mil dehvor tho head 

When time is a factor the following less extensive operation sometimes 
Mull suffice A straight incision is made from the antenor superioi spine 
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downwards and inwards for in The 
sartonufl and roctna femona mnsoles ore 
retracted to the inner side the tensor 
fascife femona and glntona medius and mini 
mus to the outer side of the wound Without 
dirifflon of any muscles vessels or nerves of 
importance the anterior part of the capsule 
of the joint can be reached in the interval 
between the muscles mentioned The neck 
of the femur is divided with an Adams saw 
or broad chisel, while the head of the bone 
18 still tn Jitu After the division of the bone 
the head is levered out of the acetabulum 
with a strong broad gouge Drainage can 
be established by a counter-opomng behind 
and m makmg this opening the anther b 
thimble maj bo found of use (Fig 603) 
Lateral approach — This method woa em 
ployed by J B ilurphy for arthroplasty of 
the hip It gives an excellent exposure 
The patient lies on his side A curved 
mcision commences at the anterior superior 
spine passes downwards bolow the top of 
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the great trochanter and ends m the region of the posterior superior ihao 


spine The aponeurosis of the glutens mazimns is incased vertically and 


retracted backwards The great trochanter is divided either obhquely from 
below upwards with a ohiseU or in the reverse direction with a Gigh s saw 


1 ID below its upper margin The detached 



portion 18 retracted upwards with its attached 
muscles (glutens medius gluteus mimmus) 
(Fig 666) The other muscles are divided or 
separated with a penosteel elevator The jomt 
capsule and margm of the acetabulum are now 
exposed The capeule is opened vertically and 
when mdicated, the head of the femur is dis 
located from the aoetabulnm by adduction and 
mtemal rotation of the thigh In cml surgery 
when the operabon is completed the detach^ 
portion of trochanter is usually fixed m positaon 
by a peg or nail This method ahould not be 
attempted in the preeence of infectaon. It is 
beat to approximate the parts with a few 
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mterruptod catgut stitches and not to attempt 
anythiDg more 

Fofteilor approach — This is probably the 
best approach for the purpose of drainage 
It was advocated by Kocher The patient 
hea prone The mcaaion begins at the base of 
the postenor surface of the great trochanter 
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From this pomt it is carried successively m two directions (see Fig 664, C), 
firstly, m a direction upwards and backwards towards the spme, following 
the course of the fibres of the gluteus maximus , secondly, downwards and 
backwards towards the outer extremity of the fold of the nates The entire 
mcision should measure about 6mm length The outer surface of the 
trochanter is exposed by the division of the fascia of the gluteus maxunus 
muscle The attachment of the gluteus medius then becomes evident 
This IS also divided The fibres of the gluteus maximus are separated and 
the muscle is displaced upwards to brmg the tendon of the pyrrfonms mto 
view The upper fibres of the gluteus maximus or the entire muscle, together 
with the gluteus medius, bemg retracted upwards and forwards, the P 3 Ta- 
formis IS displaced dovmwards This exposes the posterior part of the capsule 
of the 3 omt While the assistant rotates the leg, the exact position of the 
articulation can be ascertamed The attachment of the gluteus medius and 
gluteus minimus muscles, together with the periosteum, are separated from 
behmd forwards from the trochanter Afterwards the msertion of the external 
rotatois of the thigh, viz , the pynformis, obturator mternus, the gemeUi 
and obturator externus, are separated fi-om the inner aspect of the great 
trochanter If the thigh is rotated mwards by the assistant durmg the 
division of the tendons, the posterior aspect of the head and the neck of 
the femur is nov^ clearly locahzed and the jomt is opened by division of the 
capsule The hgamentum teres is divided by cuttmg on the head of the 
bone, the thigh bemg at the time m a position of strong adduction, flexion 
and medial rotation The head of the femur is dislocated out of the 
acetabulum and removed with as much of the neck as is found necessari’’ 


FINAL RESULTS AND LATE TREATMENT OF INJURIES ABOUT THE HIP-JOINT 

In the earty da 3 'S of treatment the surgeon must bear m mind the future 
and his ultimate aim It is best to treat the case m shght abduction and 
extension as if sound bony ankjdosis was to be expected Unfortunatel}^ 
such a result is the exception and not the rule It is more common to find 
an unsound ankjdosis, and if abduction and extension have not been 
mamtamed over a long period, the farmhar defomnties of flexion, adduction 
and mtemal rotation supervene and present a new problem 

To correct flexion and adduction m the absence of sound ankylosis — The 
patient is anaesthetized The unmjured thigh is bent on the abdomen to 
obhterate lordosis and the flexed mjured thigh gently mampulated mto the 
extended position Adduction is corrected whde both legs are in the extended 
position The patient is then treated on the abduction frame for a fortmght, 
and subsequent^ fixed in the corrected position m a plaster spica which 
includes the foot and the opposite thigh 

If much force is required to secure correction by mampulation, it is better 
to abandon the attempt, as the neck of the femur is easdy fractured Division 
of the adductors subcutaneously, and gradual correction by fixation on the 
frame is then the treatment of choice In some cases pam and stifihess 
persist after correction of deformity This is an mdication for further rest 
and immobihzation m plaster With patience and sulficient rest, hmited 
movements reappear and then further mampulation ma}'" be tried 



WOtJNDS IX\0LM\0 THE UIF JOINT 


09 


To correct flwdon and addnction in the prwnce ol Mund aniyloni — 
When the limb i 8 in a position of slight flonon and there la no adduction 
function 18 but httio interfered ivith bv any form of ankylosis No treatment 
18 necessary Shortening is corrected by n raised boot On the other band 
a position of flexion and adduction ma\ produce considerable diBability 
If there is sound ank\Iosis it is obyioua some form of operative treatment 
will be neceasan for the correction of these deformities 

OsTEOTOiiT — The aim of operation is to obtain slight abduction and to 
bring the bmb mto a position of sbght flexion at tho hip ( 2 o } with the patella 
pomtmg straight fomards Sbght abdaction will correct 
slight shortemng bat the production of wide abduction to 
correct marked shortenmg is not desirable Considerable 
shortemng must bo compensated by a rawed boot The 
best operation is an obhque tncinon of the femur through 
tho great trochanter (Fig 0 fl“) The hue of division is ns a 
rule parallel to Poupart a ligament Osteotomy through tho 
femoral neck has been discarded owing to the danger of 
non muon 

Open trcngtnxhanttnc oMtoiomij — The patient hes on the 

if! 11*4 ti irii»trocti*nteno 

soimd Eido A transvorae incision is made about } m below oiiwHomT 
the tip of the great trochanter With an electno saw or 
broad chisel the bone is divided downwards and mwards Usually the 
bone will fracture eosilj when the division is earned deeply The densest 
bone is however on tho inner side and the clusel may be required until 
division IS complete Radiography will indicate when a wodge-ehaped 
osteotomy is desirable It is performed in the same manner except that 
the saw or chisel fashions a wedge m the bone 

Subexetaneoua transtrochanienc o 9 ttotomy is a aatisfectorj operation A 
long and narrow bladed knife is inserted through a very small incision just 
below the tip of the great trochanter The knife is then passed, m contact 
with the bone m a direction Y^orallel to Poupert b ligament The knife is 
left m Situ to act as a gmde for an Adams or Jonee osteotomy saw and is 
withdrawn when the latter instrument is m position The bone is sawn 
throngh the greater part of its depth and then fractured The adductor 
muflolea mav require subentaneons iLvision 
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FL&IL HIP-JOIHT 

This condition results from extensive loss of bone either at the time 
the wound is mflicted or by subeeqaent operation Attempts at 
weight-beanng arc followed by a telescopic action of the thigh on the 
Bide of the pelvis 

The treatment is couaervative A jomted caliper splint is worn for a 
year In a proportion of caaee the stability of the hip has so unproved 
by this time that the splint may be discarded. In some cases the splint 
cannot be tolerated and m these the best operation is to sbde a Jongitudinal 
^hon of the shaft of the femur upwards mto a prepared acetabulum 
rhiB maaeive slide graft must have a contact of at least 3 m with the 
shaft of the femur below It can bo secured h^ vitalhum screws or bv 
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rrom this point it is carried successively m two directions (see Fig 664, C), 
firstly, m a direction upwards and baclcwards towards the spine, following 
the course of the fibres of the gluteus maximus , secondly, downwards and 
backwards towards the outer extremity of the fold of the nates The entne 
incision should measure about 6 m in length The outer surface of the 
trochanter is exposed by the division of the fascia of the gluteus maximus 
muscle The attachment of the gluteus medius then becomes evident 
This IS also divided The fibres of the gluteus maximus are separated and 
the muscle is displaced upwards to brmg the tendon of the pynformis into 
view The upper fibres of the gluteus maximus or the entire muscle, together 
with the gluteus medius, being retracted upwards and forwards, the pyri- 
formis IS displaced downwards This exposes the posterior part of the capsule 
of the ]omt While the assistant rotates the leg, the exact position of the 
articulation can be ascertamed The attachment of the gluteus medius and 
gluteus mimmus muscles, together Avith the periosteum, are sepaiated fiom 
behind forwards from the trochanter Afterwaids the insertion of the external 
rotatois of the thigh, viz , the pyriforims, obturator mternus, the gemeUi 
and obtmator externus, are separated from the inner aspect of the great 
trochanter If the thigh is rotated mwards by the assistant durmg the 
division of the tendons, the posterioi aspect of the head and the neck of 
the femur is now clearly locahzed and the jomt is opened by division of the 
capsule The hgamentum teres is divided by cuttmg on the head of the 
bone, the tlugh bemg at the time m a position of strong adduction, flexion 
and medial rotation The head of the femur is dislocated out of the 
acetabulum and removed with as much of the neck as is found necessary 

FINAL RESULTS AND LATE TREATMENT OF INJURIES ABOUT THE HIP-JOINT 

In the eaily days of treatment the surgeon must beai in mmd the future 
and his ultimate aim It is best to treat the case m shght abduction and 
extension as if sound bony ankylosis was to he expected Unfortunately, 
such a result is the exception and not the rule It is more common to find 
an unsound ankylosis, and if abduction and extension have not been 
mamtamed over a long period, the famihar deforrmties of flexion, adduction 
and internal rotation supervene and present a new problem 

To correct flexion and adduction in the absence of sound ankylosis — The 
patient is anaesthetized The urunjured thigh is bent on the abdomen to 
obhterate lordosis and the flexed mjured thigh gently mampulated mto the 
extended position Adduction is corrected while both legs are m the extended 
position The patient is then treated on the abduction frame for a fortnight, 
and subsequent^ flxed m the corrected position m a plaster spica which 
includes the foot and the opposite thigh 

If much force is required to secure correction by manipulation, it is better 
to abandon the attempt, as the neck of the femur is easily fractured Division 
of the adductors subcutaneously, and gradual correction bj'’ fixation on the 
frame is then the treatment of choice In some cases pain and stiffness 
persist after correction of defornnty This is an mdication for further rest 
and immobihzation in plaster With patience and sufficient rest, hmited 
movements reappeai and then further mampulation may be tried 
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WOUNDS OF THE KNEE-JOINT 

T he introduction of foreign inatonal into so large and complex a 
jomt as the knee l« nlivnyB a matter for gmve concern If the mjuiy 
la meroh a penetration of the joint capsule without senous damage 
to bone or cartilage it may eventually have little iU-effeet providing 
that it is dealt with early and efficiently Delay or inefficlonoy nsualli 
results In severe suppurative arthritis with loss of limb or even of life 

THE SYNOVIAL CAVITr OP THE 
KNEE-JOWT 

Before proooodiug to a considom 
tion of the details of treatment It Is 
advisable to recall the anatomy of the 
synovial caviu of the joint (Fig 000) 

Ihe mam space Is antenor l^ing above 
and to the sides of the patella There 
ore however a pair of largo postenor 
pouches m addition These extending 
postenor to and to some extent be 
twoon the femoral condyles are 
sepamtod by the invngmation of the 
Bjmovial membrane covering the 
cruciate ligaments lying m the middle 
of tho jomt 

HHIHOD OF DRAIHIHG THE JOINT 
When drainage of tlio antenor 
space is required it is provided best 
by iucdaions respectively half an mch 
lateral and medial to the patella {Fig 
070) and so placed that two-thn^ of each incision hes above the level of 
tho upper border of that bone OccamonaDv infection extends into tho 
posterior pouches which then must be drained also The best method of 
effecting postenor drainage is to pass a director backwards from the antenor 
mciaionB On the medial side the director is passed between the medial 
femoral condyle and the tibial collateral hgament above its attachment 
to the medial meniscua and an mdaion ma<^ over the pomt of the mstni 
ment The procedure is simnar on the lateral side but m this Instance tho 
78 <rr 
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two or three encircling strips of ribbon catgut passed round the sliaft with 
the aid of a large aneurism needle or other guide The limb is fixed on an 
abduetion frame until the stitclies are removed and then firmly secured 

in plaster for three montlis A weight-bearmg 
caliper is worn for a further tliree to six months 
A more simple plan is to take a large giaft 
from the tibia, thick enough to be a tight fit for 
the medullary cavity of the femoral shaft and 
about 9 m long This peg graft is inserted into 
the meduUary cavity, leaving the required length 
projecting towards the acetabulum (Fig 668) 

For the first three months X-ray pictures may 
give the impression that absorption of the graft 
IS taking place This ajipearance is deceptive 
It merely indicates that the demolishing powers 
of the osteoclasts are more apparent than the 
reproducing capacity of the osteoblasts 

Later this appearance is reversed, and as 
function IS resumed with the piotection of a caliper, 
Wolff’s law comes into operation The graft 
increases in size and density until it reaches a 
chameter nearly equal to that of the femoral shaft 
Rigid fixation for the first tliree months is 
essential and subsequent weight-bearing must be 
very gradual 

Sometimes a surprisingly useful joint follows 
severe injury and loss of bone Such cases were 
seen at Blackrock j\Iihtary Orthopmdic Hospital, 
Dublin, during and after the 1914-18 war In some, there had been drainage 
for from tw'o to three years The final result often gave a -wide lange of 
active mobihty, and weight-bearmg was not interfered with Shortening 
was corrected by a raised boot The practical lesson from such late results 
IS that extensive removal of bone need not be feared when such removal is 
the onlv alternative to amputation 



Fig 668 


graft to 


Litramedullary peg 
provide support in cases of flail 
hip The projecting portion 
increases in girth ivith vcight- 
bearmg The intermcdullary 
portion absorbs and disappears 
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dnvon mto tho articulftr surface of tho femur Immediate operation 
earned out iii the mniiner detailed below Subsequent progress was oxcollent 
and n full range of movement from 4u to 180 resulted 

As a parallel in civil life to the suppurating joints of warfare there are 
the cases m ■ahicli tho joint becomes infected after penetration of a foreign 
body and also those which become infected as a reault of oetoomyolihs of 
tho upper end of tho tibia the lower end of the femur or the patella 
V Case II illustrates tho result obtained m a case of suppurative arthntis 
secondar\ to acute ostcom^•olltl8 of the lower end of the femur Tlie patient 
was a Nouth of fourteen \*carH and the joint was dramed b\ two anterior 
incisions inimediatoK after it wns known to be infected Tho svTiovial 
incisions wore loft open with corrugated rubber drainage ovtonding down 
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Cue IL Sappnrtllre arthrltb CoHovtog uate oetFcanjeQtia of tbe lomr eod of the 
Semxa Immedltle dnioAfe revolted hi the abore complete of nwrcmnit— * 

Irom SO to 18CP 


to but not into tho joint cftvitv At the end of three days there u-ns little 
or no discharge and the wounds were allowed to heal The range of move 
mont which resulted is almost complete — from 60 to 180 (Fig 673) 

In all cases of wounds of the knee joint the jomt must bo given absolute 
rest throughout tho whole of the immediate after treatment and well into 
tho ponod of convalescence 

Much vu uld aod written during And Aflcr the wmr of 1911-18 (xmeeming the AdrAntAgc# of 
cArij moTcmcnt in Aoondi of the knee Joint. It wu Atgoed thnt the imtltntloii of enriy morement 
ented inkjlcw, Aod a more Hidr to remit hi a morafafe Jomt than complete re*t It I* 
troe that In a AmalJ proportion of tboae caaea mblected to early moTcmcnt ankykjd* wan avoided, 
of tbeae rcsalacd a cocidderalile degree of flexion and extenaioii, bat experience hai •hown 
tnU tn b<*h cbril and mtUtary work better reanlta have followed treatment by complcto re»t 
nntJl cwralcwfDco ii a ell cdilllibeiL Tbe majority of Brhkh aorg e iau concur with view 

of tho efilcaoj of this treatment is afforded by Case II cited above 
It demonstrates that oven if the jomt la full of pus with adequate dramage 
and rest full recovorj of movement is possible Examples of this kind 
can bo providod bv ovon orthopiedio sur^on of expenence 

78 A 
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Fig 670 

Incisions for draining the 
antenor siimovial space 
As a rule it is best that 
two-thirds of the incision 
should ho above the upper 
border of the patella 


collateral ligament is not attached to the meniscus 
and the director passes fieety backn^ards, lateral to 
the pophteus tendon (Fig 671) 


MODERN CONCEPTION OF TREATMENT 

The problems of wounds of the knee-jomt in war 
aie precise^ those •which confront us in the accidental 
wounds of citol hfe The three 
cases cited as t 3 rpical examples in 
the present contribution are all 
of recent cimhan oiigin, but the'\’^ 
serve to demonstrate techmque 
and results better than would 
leference to cases of the 1914-18 
campaign, seeing that our methods 
of treatment have changed in so 
many respects since that time 

On the one hand, there are 
those cases wheie a foreign body, 
usually a fragment of glass or 
a small pomted object such as 
a nail or a splmter of wood, 


penetrates into the jomt acci- 
dentally If these circumstances are recognized qmckly 
and early operation performed, the result is usually ex- 
tremely good On the other hand, if they are not 
recognized until signs of local mflammation, coupled 
•with pam and pyrexia, produce alarm, a much more 
serious problem presents itself With proper treatment 
it IS stiU possible to attam a good result, but this is 
by no means always feasible, for the joint may have 
become entirely disorgamzed Ankylosis and, if the 
septic piocess continues to advance, the prospect of 
amputation, enters the picture 

Case I A youth fell on his left knee and experienced 

a sharp stabbmg pam 



Incisions for ibauung 
the posterior synovial 
pouches In cacli case 
a director is passed 
from the correspondmg 
anterior mcision and 
the joint is entered by 
cutting on to the probe 
extremity of the m 
strument 




Fig 672 (A and B) 

Foreign bodj (a pen nib) m the knee joint 


A small 

•wound was found in front of 
the jomt in its proximal and 
medial quadrant, and although 
no foreign body could be seen, 
it •n^as surmised that something 
had penetrated the ca^vity In 
ever}' ■wound of the knee-joint 
lateral and anteroposterior 
radiographs are essential lu 
this case the X-rays revealed a 
pen-mb (Fig 672) lying entirely 
inside the joint -wath its point 
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Ab in type 1 the Umb Is iramobilired on a Thomafl splint After such 
treatment mont cabca run an unerontfiil course 

Should local or constitutional evidence of sepsis foUoii a hollow 
needle is introduced into the joint and the fluid aspuated is sent for 
bnctcnologicnl evamination \\Tjon infection is present but is obviouali 
mild it IS wise to wait tn-onti four Lours and b\ re aspiration to obtain a 
further specimen Clioniotherap\ la of imcertnin \’alue in these cases but 
drugs of tho sulphonanude group are north a trial particularly m the 
presence of a lircmolytic streptococcal infection 

lu cases where the joint contents become franldv infectwl the wounds 
must be reopened forthwith and if thought advisable tho cavitv flushed 
gcntl} with normal sahno A small dram is plactxl in each wound extend 
ing down to but not through the evnovml laver If all goes woll the drains 
are removed In twenty four hours 

Certain writers on this subject have used such phrases as effiewnt 
stcnhiatiou of the joint cavit} bj irrigation STiort of irrigating a jomt 
aith a complotcli destructive fluid such as pure carboho acid or some of 
tho fearsome mixtures of phenol camphor and alcohol which found emploi 
ment during the war of 1014 18 it la quite absurd to think that a jomt 
once infected can be atenli^ bv irrigation \\ e know that such jomts can 
become clean ogam Tho truth la that the synovial membrane and its 
secretion deal with tho badena and that if the joint is eflloiontly dramod 
for a period which vanos with the seventy and duration of the infection 
nmnj joints make a full fundiooal recovery without any sort of attempt at 
irrigation iloreover imgntion can bo a danger in that it may cam 
infection to tho outlving pockets of tho jomt For this reason the method 
of forced distension of tho joint suggested by Cotton finds littk support 

If an urge to irrigate the Jomt is foil a flmd which can cause the least 
harm viz normal saline should be used at the lowest pressure possible 
Chemicals of all kinds in weak solution as bo often recommended have no 
advantage whatever over eaUne and m stronger solution thev ore imtants 
and therefore a positive danger 

Having inspected tho interior of tho Joint and having wiped out gently 
any coagnlatcd lymph or blood clot with a moistened swab the svnovial 
wounds are loft open The sldn edges are approximated hghtly leaving a 
strip of vaaehned game down to each of the nnsutured svnoviHl wounds 

In the -w of 1SI4-18 H tngEfwted that Infrcled Lo«~JobU ihoBld bo exched whilu ttiU 
frukly •optic. Thii irocodare -wii carried ent In « oomber </ cawt irith diautrocn mnlU. Pm 

trtcked down tho c»u *£>d op tht tUgh and thow petknt* n meed. *11 c*ine to tsrpaUtioB 


Following the treatment recommended here the infection Bomehmes 
subsides rapidlj and the wounds heal If Buch a fortunate result occurs 
the joint is likely to recover with a considerable range of movement bui 
no aitmpt ehould ba made to force such rnoctnait The hmb must be kept at 
^ on the splint until all wounds have been healed for ten days Then a 
little active movement mat be allowed wHh the knee resting over a small 
sandbag The following is an iDustrative case — 

On ^ Ju^ 1940 a youth whilst bathing m a stream received a cut over 
the medial tide of the right knee It bled a little and was covered by a 
handkerchief He walked home and a freah dressing was applied Six 
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MANAGEMENT 

In all penetiatmg wounds of the Icnee-joint piopliylactic anti-tetamc 
and anti-gas-gangrene sera should be given For detailed consideration 
it IS convenient to divide wounds of the knee-joint into four types — 

Type 1. Small wounds of entrance and exit, with a minimal degree of 
laceration — Radiographs are essential In the absence of a foreign body 
the joint IS immobihzed on a Thomas’ splint, as set out in Chapter LVI 
The patient’s temperatui-e and local condition are observed twice daily 
Occasionally small pieces of projectile moving at a high velocity may pass 
in and out, causing hardly any damage to the synovial membrane If no local 
or constitutional reaction follows, the joint wiU piobably settle down m a 
day or two and the wounds will heal If, however, an effusion and signs 
of mfecfion appear, the joint cavity must be explored with a medium-bore 
hollow needle on the lateral side and the contents aspirated The fluid will 
shoAv a varying amount of turbidity, or even actual pus 

^^Tlen turbid fluid is aspirated a Gram-stained film will give some 
indication of the severity of the mfective process Few organisms with a 
high proportion of mononuclear cells suggest a mildly mfected fluid The 
presence of many organisms and polymorphonuclear cells is a more serious 
portent, and the streptococcus hsemolyticus is the organism most to be 
feared 

An improvement in the general condition may follow aspiiation, m 
which case further aspiration should be carried out on the following day 
In some instances, after two or three such aspirations the mflammatory 
process resolves 

Should the condition become worse — and daily aspiration and observa- 
tion of the patient’s general condition are sure guides — dramage of the jomt 
IS essential, and it is carried out as detailed on p G97 After ten da}”^, 
providing the general and local conditions are entirely satisfactory, the 
sphnt may be removed and a httle active movement permitted Cases 
which respond to repeated aspiration must lemain splinted until at least 
ten days after the last aspiration 

Type 2 Lacerated wounds are present — Again X-ray exanunation 
followed by immediate operation is the proper course A tourniquet is 
applied to the thigh The skin and wound edges are cleansed with ether 
and the damaged skin edges and subcutaneous tissues excised with meticulous 
care, making sure that every piece of torn, frayed or bruised tissue is cut 
away cleanly Attention is now directed to the torn edges of the synovial 
membrane A most important step m the surgical procedure is that iJic 
synovia must be attended to with a fiesh Icnife and forceps , indeed, all instru- 
ments used in the preliminary stages of the operation are discarded The 
wounds in the synovia are excised and the interior of the joint exaimned 
Bearing m mind the radiographs, foreign bodies are sought, but it is just as 
necessary to remove non-opaque foreign matter, mcluding any blood and 
blood-clot The latter is wiped away with gauze swabs moistened ivitli 
sahne 

If the case is seen within six hours aftei the infliction of the injury 
the wounds can be closed in three layeis with inteirupted catgut sutures 
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oMee may gnm the upper hand, and the joint become violently 

infected If thm occiira anJcylosiB will surely follow Spread of sepeia to 
the posterior aynovial pocLeta will make it neceasajy to provide poetenor 
drainage aa described on p Q07 

Type 3 Lacerated wound with tracture — A foreign body may or may 
not be present T\Tien the radiograph shows a Imuted degree of fracture 
of one or more of the bonea but the major part of the articular surfaces 
intact the treatment should bo exactly ns that detailed for type 2 with the 
addition that all looae fragments of bone and cartilage must be removed 
When the patella is fiactur^ it is often a good practice to excise it 

Type 4 Laoeratsd wound with more extemfre bony damage — Usually 
tile wound is larger than in the foregomg gronpe and there may be loss of 
considerable portions of bone and articular cartilage mdeed these may 
bo BO extensive that there is no chance of a movable joint resulting 

Such cases are comparable to compound fiaoturee with a large wound 
Hie} are best treated by complete removal of aD damaged tissues laving 
open all the injured sauces and providing a well-exposed area with no 
pockets If the patella is shattered it ahoold be remov^ completely 

The resulting large cavity is packed lightly with vasehned gauze The 
entire limb is then encased in a plaster splca If the general eonditaon of 
the patient remains good the plaster may be left undisturbed for two weeks 
when it should be bi valved and the wound inspected A new dreeamg is 
apphed and the plaster replaced Later as the wound grannJates ohangea 
of plaster will be required at intervals of a few weeks The aun in these 
cases IS to prodaco dm ankylosis ui fall extension 

Again there is the possibUity which increaaee with every hour that 
elapses between wounding end efGoient surgical treatment that senoos 
mfeotion will supervene Should this occur or secondary hsemorrhage 
threaten tunely amputation through the thigh can never be on occasion for 
regret 

Summanzmg It can be stated that if wounda of the knee-joint re< 2 eive 
early and adequate operative treatment, on the whole the results ore excellent 
To obtain these results flrst-^d posts where not actually part of the general 
hospital service must be mstruoted to send ell wounds in the neighbourhood 
of joints to their asBOaated hospitals at once 
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Case III Suppurative arthntis following 
a wound Granulating and almost healed 
woimd ta enty days after jomt a as drained 
On the day active moi oment a as initiated 


a moistened swab A small 
diam was placed down to the 
synovial layer on each side and 
the synovial wounds left un- 
sutured The hmb was then 
placed with the knee fully 
extended on a Thomas’ sphnt 
The pyrexia abated and by 
the fourth day became normal, 
and remamed so Ten days 
later both operation wounds 
were heahng well and there 
was no discharge Two days 
after this, 26th June, the limb 
was removed from the sphnt 
and a small amount of flexion 
and extension allowed over a 
sandbag On 7 th July, as 
shown in Fig 675, the range 
of movement had mcreased 
from 135° to 180° This knee 
will, in all probabihty, recovei 
an equally good range to that 
depicted m Fig 673 

Such an excellent result as 
this cannot be expected in aU, 
or even a high percentage of 


days latei he began to sleep badly and 
the joint became painful It was found 
to be swollen and the temperature was 
laised His doctor was summoned, and 
found the lad feverish and with an 
obviously septic joint He advised his 
removal to hospital 

On admission, 13th June, the tenipera- 
tuie was 102° F The knee-jomt was 
distended and held at an angle of 136° , 
any movement was painful There was 
a dirty wound about 1 in long, with a 
httle serous discharge on the medial side 
of the knee A blood count showed 17,500 
white ceUs 

Opeftaiion — The wound was excised 
and the jomt found to contain pus A 
specimen was sent for bacteriological 
examination and was reported “ staphy- 
lococcus aureus ” A second incision was 
made on the lateial aspect of the joint 
(Fig 674), and the intenor was cleansed 
of several large flakes of lymph clot, usmg 



Suppuratno nrtJintis following a wound Active move- 
ment after fi\o da} s’ practice Range 136° to 180 
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Oil tliQ antonor napoct three slieatlia nro found those 
of the tihialiB anticuB ertonaor Imllucia longns and 
orteusor digitorura longiis (Fig 077) On tho nicdicvt 
side thoro are also 
three gheatha, tlioae 
of tho tibialis posti 
cua flexor dlgltonuii 
longua and the flexor 
liollucia longufl (Fig 
078) On the lateral 
side there is a com 
mon eheath for tho 
poroneos (oogns and 
brevis As m tho 

case of the wnst-jomt one must bo careful to 
di/Torontiat© hotivccn tendon-slicath infection nnd 
suppurative orthntis Furthermore when dealing 
^ith wounds in this area undamaged tendon sheaths mnst be respected 
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Tqiiioc ilMtbi art tbo 
anterior Upeet of ibe uUe- 
J ifaiu {Afirt ) 


FW ff'S 

Tcavloci tbo mediitl Mpett of 

the »ntlc Joint {Aprr tt* ^eOrtt^) 


METHODS OP MMOBIUZIHO ASD APPIiTHTO TRAOnON TO THE 
AHELE-JOIHT 

Each of the methods about to bo described has specml use® whvcli will 
l>e indicated in tho course of the chapter 

By platter ol Parii — It is highly important to keep good alignment 
lietween the leg and the foot I heve found that the best method of holding 
the foot donng the application and setting of tho plaster 
ifj by moans of » board illustrated in Fig 070 

^ ^ The » U m. long, 0 la- *ldo tud | In. thick- ^•lll ere drirm 

( th^^uJrtl the bo*nl •» lEi«£ the pnlnteil rod« project J ha- from lU latftcr 

« , I ope Hall to mefa couple 

^ of tqTtare Inche*. T}a> be*d» of 

the n&lU, drirm doah Into the 
bonnl, are covered aJong nltb 
the correvpanding Mpeei vf the 
board by J in. fell which h 
nlBxrd «itb (due 

In tlio ankle plaster 
^ M case a posterior slab of 

I H >'• -I plaster is applied to tho 
back of the leg and tho 
. _<■ ^ solo of tho foot Sev oral 
Pjg turns of plaster bandage 

Show loR the *irfk« applied pTompU\ 

of the twd which oTound the foot to bold 
\ ^ the plantar slab in sttu 

pkjter oo the j .1 i_ •• 

P*tl«t«foot. ana then the board w ap 
phed to that the pointed 
ends of the nails brto into the plantar slab and so prevent the board ahppiuff 
on tbo plaster The felted side of tho board rests against the surgeon s chert 
(Fig 080) and he can modify thus the amount of pbntar floxiou and tho 
19 
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Shorn fan tiie bo*rd in aw wi^n Ing 
the pU^ter cut. 



CHAPTEJl LXIV 


WOUNDS OF THE ANKLE AND TARSAL JOINTS 

SURGICAL ANATOMY 

T h e anlde-]Oint is a jiure lunged joint , its strength depends upon 
the close fitting of the astragalus mto the mortice formed by the 
lower ends of the tibia and fibula Anteriorly and posteriorly the 
jomt capsule is comparatively thm, and it will be noted that 
the distended synovial cavity bulges, especiallj’^ behmd (Fig 676) On 
•account of the tight mortice formed by the malleoh the ankle is a 
difficult ]omt to dram 

It IS necessary to be cognizant of the best position for ankylosis, which is 
likely to follow destruction of the joint surfaces When viewed from m 



Fig 07C 

The synovial cavity of tlio ankle-jomt distended (After Poirier ) 


fioiit, straightness without any tilt either outwards or mwards is essential , 
mewed from the side there should be shght plantar flexion Should the 
accompanying injurj'^ have led to shortenmg of the tibia, more plantar 
flexion IS advisable, especially in women Followmg ankylosis of the ankle 
there is a remarkable degree of compensatory motion in the subastragaloid 
and mid-tarsal joints 

Surrounding the ankle-joint are tendons enclosed in tendon sheaths 
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and nde of the foot -vvith ono tnangle in Imo with tho outer the otlier tnauglo 
in line with the inner border of the foot About six or soren strips cnn 
be apphed ono behind the other not touching each other and not over 
lapping on the dorsum of the foot After five imnntes to lot the glue 
set tapee are tied to each triangle and fastened to each other under the 
distal aspect of the foot piece resting snugly in the serrations on the lateral 


borders of the foot piece 

The amount of mversion and eversion can be controlled by the metal 


plate on tho foot piece Tlio whole h 
By roferrmg to Fig 082 it will be scor 
not by the ring of the splint against the 
apph^ m the following manner beneath 
of felt are fitted around tlio upper part 
Pans IS applied over this felt and 
by more plaster bandages this cuff of 
plaster is fixc<l to the bars of the 
Thomas’ sphnt In this uay offectivo 
mimobiUzation and traction are pos 
siblo It is unnecessary to have tho 
Balkan beam winch is sliorni in Fig 
082 all that is roquirotl is a prop 
to keep the patients heel from tho 
bed (Fig 083) 

Bt ikeistil tcaetfaxi-^tt the pn^t (ImeaLflftsl 
trution ta fflon popokr tbsa cDu tmctktt. Intbo 
fUB o( the tokV }cuv tlon Cnctim U tn «T«rj 

Tbe haertko of StBtuuna • oaQ UuQQftfa 
tho oi rskii h not vitboat poKfble comptWlkni. 
porttcukriy knr-ffmle hif«+kn. The om of FIimv 
« hHto fth'iup Km emi to rrctrsimend It 
uul tkin SIB raraiDon. 


mb is placed in a Tliomaa sphnt 
1 that counter-extension is effected 
tuber ischii but by a nng of plaster 
tlie tuberosity of the tibia Pieces 
of the tibia A cover of plaster of 
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EiJxUr • foot pine appiM. 


«ltb thk inrUr of tnMTtkin rmrons of booa 


In my opinion m cases of wounds mtolvmg tho ankle-joint whore o 
sphnt as opposed to a plaster has to be employed a Thomas splmt is for 
better than a Braun e Furthermore a patient m a Thomas splmt can be 
transported easily 


SPECIAL OOHSIDERATiaHS OF WOXWDB IHVOLVIHa THE AUKLE-JOIKT 

It IB well known that as far as avoiding amputation is concerned tho 
prognosis of compound fraoturea mvolving the ankle-jomt is extremely 
poor if suppurative arthritis cannot be prevented The mjnred man a foot 
sock and bwt are so often dirty that senous infection following open wounds 
m tha region is probable Furthemnoro the responabnity of ampntatmg 
at a good level above tho onkle-jomt is not nearly as great as is amputation 
m many other situations ThiB comhmation of ciroumstancea make* it 
probable that m some instances amputation is performed when a useful 
foot might have been preserved- In the pages which follow operative 
procedares will be desenbed which, it is bop^ will help the surgeon to 
preserve the foot in a greater number of cases 


706 


WOUNDS OF BONES AND JOINTS 


inversion or eversion wliilst moulding the plaster bandages around the 
patient’s leg and anlde As soon as the plastei has set firmly, the board is 
removed and a flat plantar surface is left which is well adapted for a 
walking plaster 

By Sinclair’s wooden foot-piece — If the surgeon prefers to use traction 

the best way to apply it is by 
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Articles employed in the application of 
Smclair s foot-picco 


means of Sinclair’s foot-piece 
The impedimenta required are 
shown in Tig 681 

A TJio Moodon foot piece, 12 m long, 
4 in 'mdo, J m thick and -mtli i m sor 
rations along each side 

B Felt to pad the plantar aspect of the 
foot-pieco and shaped to tlic arch of the 
foot 

C TJio cross-bar made of metal and 
fitted with bolt and butterfly nut The bolt 
has a square shoulder at its base to prevent 
rotation m the slot of the foot-picce The 
cross-bar is fitted with tapes at its ends and 
traction on these tapes dotennmes the 
amoimt of cvtcnsion It can be adjusted 
(1) up and dowTi relatively to the ends of 
the foot-piece and (2) at any angle to the 
hno of the foot-pieco The former adjust- 
ment controls the depth to wluch the limb 
sinks botw'con the bars of the Thomas’ splint, 
the latter adjustment controls the amount of 
rotation of the limb 


Further are required — 

D Stiips of flannel 1 m mdc, of \arying lengths, but averaging about 8 in 
E A pair of triangular nngs, mth 1-m sides, to each stnp of flannel These are made from 
ordmary brass curtam nngs with a pair of pliers 
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Smclair’s wooden foot piece in use witli a ring of plaster of Pans surrounding the 
limb beneath the tuberosity of the tibia fixed to the bars of a Thomas’ splmt 
Counter-extension is efiected from this fixed jHimt 

The sole and sides of the foot aie pamted ivith Smclan’s glue A pau of 
tnangles is threaded on each flannel strip and the stiip apphed to the sole 
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in Fig 084 It starts at tlio postcnor border of tho fibnla to 3 m above 
the tip of tho external malleolus It extends down the poatenor border 
of the fibula curves round the tip of the rani 
leolua and runs forwards and abghtly downwards 
to the dorsal aspect of the cuboid Tho tendons 
of the peronci are freed from tho postenor 
border of tho fibnla and rotraotod by moans of 
n loop of gauze Tho joint betwocu tho head 
of the astragalus and the scaphoid is opened 
and the capsule between these two bones divided 
freelv Tho level of tho Inferior surface of tlie 
head of the astragalus is thus seen and on this Fio ew 

level postenor to the joint lies tho Interosseous Inrftkm for *Tti»gElectomv 
astragalo-calcanean ligament (see Fig 080) 

With the forepart of tho foot uiverted strongK a stout narrow scalpel 
IS inserted backwards and Inwards so ns to divide the fibres of this inter 
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Oi^u. Lgnmont c^plotely tho, opening info the postenor astraralo 
cal^oan joint When this step lias been oompleted the tarsal tones 
‘^Mtragalns can be dislocated by inverting the foot (Fig 08o) 
IT the to whole the neck can be held with hon forceps wMe the 

toire la fieed tom its bed bt a atout acalpel working closo t^ the tone 
at the inner side A stnlctiiro which can give difficulty at this stage is the 
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^YOITNDS OP B02s^ES AND JOINTS 


TREATMENT OF RECENT WOUNDS INVOLVING THE ANKLE-JOINT 

By inspection it may be obvions that the ankle-joint is involved in 
other uistances the position of the ^1^3^^ and exit wounds makes it piohable 
01 certain Lilcevase the prehnunar3'^ ladiograph ma3'’ reveal the information 
It IS possible, howevei, that involvement of the ankle-jomt is only discovered 
when the wound is being excised, perhaps b}'’ the escape of a few drops of 
glau}’^ S3niovial fluid 01 the lemoval of a fragment of bone covered with 
cartilage, which has obviousty come fiom one of the bones entermg into the 
joint It caimot be repeated too often that Avhen the superficial woimd has 
been excised fiesh mstiuments should be used for attending to the bones and 
joint 

Cases w'^heie the wound involves the ankle-jomt wiU fall into three 
categories — 

A The capsule has been wounded but theie is httle, if any contaimna- 
tion of the jomt 

B Deep contanunation is piobable and|oi the articular cartilage seveielv 
damaged 

C The lujmy to the ankle-joint is so gioss as to make it improbable that 
a functional foot can be pieseived 

Class A — ^Aftei the woiuid 01 woiuids have been excised 111 the orthodox 
maimei, and severed tendons tiimmed and muted or left for secondary 
suture, the wound ui the S3movial membrane is tiimmed very sparingly 
and an attemj)t made to close it , m practice tins is seldom possible If 
the skm can be approximated without tension, the woiuid can be sutured 
loosely 

It IS m this class of case that tieatment on a Thomas’ sphnt vuth a 
Smclau’s foot-piece is adimrable, for it allows inspection of the woiuid 
Alternatively a Steinmaim’s nail can be inserted through the os calcis 
and a B 5 hlei-Biaim sphnt employed, but for reasons stated I do not 
recommend it 

Class B — Attention is duected especially to this class, which is not 
uncommon To preserve the malleoh is extremel}'" important , the loss of 
the astragalus is of compaiativel3’^ httle moment, and heie hes a possibihty 
of saving a useful foot in man3’^ cases of contammated womids involving 
the ankle-joint When the astragalus has been lemoved, there remains a 
cavit3^ which can be cleansed adequatel3^ and even if infection ensues, pus 
is given a free exit 

Apart from the mewpomt of pieventmg suppiuative arthritis, astiagal- 
ectom3'^ is indicated if the astiagalus is fractiued with displacement, and 
most ceitamty if the ftactiue involves two of the three joints m contact vuth 
the astiagalus 

Astkagalectomy — Unless there is a clear mdication for usmg a woiuid 
as an avenue of approach, a fiesh mcision should be emplo3’^ed for leinoval 
of the astiagalus The limb rests on its innei side and it is an advantage to 
have the foot neail}^ over the end of the table An excellent incision is shown 
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m Fig (WU It starts at tho postenor border of the fibula to 3 in abo^ e 
the tip of the external malleolus It extends down the postenor border 
of the fibula curves round the tip of the rani 
leolus and runs forwards and alightir downwards 
to the dorsal aspect of the cuboid The tendons 
of the peronei are freed from tho posterior 
border of the fibula and retracted b\ means of 
a loop of game The joint between the head 
of the astragalus and the scaphoid is opened 
and the capsule between these two bones divided 
freely The level of the inferior surface of the 
head of the astragalus is thus seen and on this 

level postenor to the joint lies the interosseous Ind ioo for srtngaJwSomr 
astragalo-calcanean ligament (see Fig 030) 

With the forepart of the foot inverted stronglv a stout narrow scalpel 
18 inserted backwards and inwards so as to divide the fibres of this inter 
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ligament romplelely thus opemng into the portenor wtragalo 
^raman When thia step inn been completed the taraal l^es 

under tho astrnimlnB pun twj ai__ 1 - 


ViT Biep nas oeen completed the taraal bones 

mte the aet^Ina ran be disloratcd bv mvcrting the foot (Fig Ogo) 
If the be whole tho neck can be held with bon forceps iXle the 

bone in freed tam ita bed bv a stout scalpel working close to the bone 
at the inner side A structure which ran give dlfficultv at this sta^ is the 
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WOUNDS OP BONES AND JOINTS 


TREATMENT OF RECENT WOUNDS INVOLVING THE ANKLE-JOINT 

By inspection it may be obvious that the ankle-] omt is involved , in 
other mstances the position of the entry and exit wounds makes it probable 
or certam Likewise, the prehinmaiy radiograph maj’’ reveal the information 
It is possible, however, that mvolvement of the ankle-] omt is only discovered 
when the wound is being excised, perhaps by the escape of a few drops of 
glair}’’ sjmovial flmd or the removal of a fragment of bone covered with 
cartilage, winch has obviousty come from one of the bones entermg mto the 
]omt It cannot be repeated too often that wdien the superficial wound has 
been excised fresh mstruments should be used for attending to the bones and 
]omt 

Cases where the wound mvolves the ankle-]oint wiU fall mto tluee 
categories — 

A The capsule has been wounded, but there is little, if any, contamina- 
tion of the ]omt 

B Deep contamination is probable and] or the articular cartilage severely 
damaged 

C The mjuT}^ to the ankle-joint is so gross as to make it improbable that 
a functional foot can be preserved 

Class A — ^After the womid or wmunds have been excised m the orthodox 
manner, and severed tendons trunmed and imited or left for secondary 
suture, the womid m the sjmovial membrane is trimmed verj’’ sparingly 
and an attempt made to close it , m practice tins is seldom possible If 
the skm can be approximated witliout tension, the woimd can be sutured 
loosely 

It is m this class of case that treatment on a Thomas’ sphnt with a 
Smclair’s foot-piece is admirable, for it allows mspection of the wound 
Alternatively a Steinmann’s nad can be inserted through the os calcis 
and a Bohler-Braun sphnt employed, but for reasons stated I do not 
recommend it 

Class B — Attention is directed especially to this class, which is not 
uncommon To preserve the maUeoh is extreme^ important , the loss of 
the astragalus is of comparatively httle moment, and here hes a possibibty 
of saving a useful foot in many cases of contammated wounds mvolving 
the ankle-joint When the astragalus has been removed, there remains a 
cavity which can be cleansed adequately, and even if infection ensues, pus 
IS given a free exit 

Apait from the viewpomt of preventmg suppurative arthritis, astragal- 
ectomy is indicated if the astiagalus is fractured with displacement, and 
most certainly if the fracture mvolves two of the three joints m contact vnth 
the astragalus 

AstragadectojMY — ^Unless there is a clear indication for usmg a wound 
as an avenue of approach, a fresh mcision should be employed for removal 
of the astragalus The hmb rests on its inner side, and it is an advantage to 
have the foot nearly over the end of the table An excellent incision is shown 
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m Fig O'W It starts at the pcwtenor Jwrder of the fibula to 3 m above 
the tip of the external mnlleolus It extends down the postenor border 
of the fibula curves round the tip of the mal 
Icolus and runs fonvords and shghtK downwards 
to the dorsal aspect of the cuboid Tho tendons 
of the peronci are freed from tlie postenor 
border of the fibula and retracted b\ means of 
a loop of gauze Tho joint between tho head 
of the astragalus and tho scaphoid is opened 
and the capsulo between these two Ixincs divided 
frech The level of the inferior surface of the 
head of the astragalus is thus seen and on this fio 6S4 

level postenor to tho joint lies the interosseous iDctooofof »rtr«E»tfrtoinT 
astragalo-calcanean ligament (see Fig flSrt) 

\\ith tho forepart of the foot inverted strongly a stout narrow scalpel 
is inserted backwards and inwarrls so ns to divide the fibres of this inter 
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os^nj ligament completely thns opening into the poefenor artregalo 
1 ^“ rompleted tho tanul Imnw 

U inverting the foot (Fig 083) 

^Thon^„?’“ i “a >>nne 

tho mner side A etmeture which can give difflcultv at thU rtago is the 
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m Fig (W It starts nt the postenor border of the fibnla to 3 in nbove 
the tip of tlie OTtemnl malleoliia It extends down the poatenor border 
of the fibula curves round tlie tip of the raal 
leoluB and runs forwards and sUghtlv downwards 
to the dorsal aspect of the cuboid The tendons 
of the pcronei arc freed from the postenor 
border of the fibula and retracted bv moans of 
a loop of gauxe Tlie joint between the head 
of the astragalus and the scaphoid is opened 
and the capsule between these two bones divided 
freelv The level of the infenor surface of the 
head of the astragalus is thus seen and on this Fio, ©34 

level postenor to the joint lies the interosseous iwiffan focwtragaiectomr 
astragalo-calcnnenn ligament (see Fig CSC) 

^Vith the forepart of the foot inverted strongh a stout narrow scalpel 
IS inserted backwards and inwards so os to dmde the fibres of this inter 




Fn. e«j 
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Ugsment romplrtriy thuj opening mto the postenor artmmio- 
otonian Joint When this step has been eompletedthe tnrenl iSles 
TfJr “1 b® tbslocnted by inTerting the foot (Tig 

If the ast^lu be whoie the neck c»n be held snth bon forceps tXue the 
bone 1, freed from its bed by n stout scalpel arokmir 
at tire inner side A stmetnre wliiob can give difflonlty at this sta^J^be 
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WOUNDS OF DONES AND JOINTS 


TIBIA 


ASTRAGALUS 



JFIBULA 


POSTERIOR 

FASCICULUS 


MID FASC 
EXTLATLIG 


INTEROS tendon of the flexoi liallncis loneiis, 

I Ir' A AA PKl T ^ ^ 

j wJneli runs in a gioove on the postenor 

' sniface of the astiagalus, but if con- 

sideiable traction on tJie astiagalus is 
maintained the tendon can be fieed and 
the bone removed Naturally it is easier 
to remove the bone when it is intact 
than if it be fractured, but theie is no 
difficulty in lemovmg the whole astiag- 
alus when the thiee joints m contact 
with it nie fiee fioin ligamentous attach- 
ments The division of the ligaments on 
the inner side should be particularly free, 
for tins alloAVs the foot to be pushed 
back so that the mortice of the anldc- 
jomt fits ovei the forepart of the os calcis 
Occasionally’^ it may be necessary to 
excise a portion of the sustentaculum 
tall to permit this displacement 

When the astragalus has been re- 
moved the cavity is filled lightly with 
vaseline gauze, and vaseline jiasto is applied plentifully to the slaii mound 
A below-the-knee piaster case is then applied When applynng this jilastei 
the foot should be displaced backwards so that the tibia rests on the fore- 
part of the os calcis just behind the scaphoid Again, the board with nails 
embedded is especially valuable m maintaining tlie 
collect position during the application of the plaster 
Class C — When tlie nature of the injuries make it 
obvious that a functional foot cannot be preserved, the 
choice lies between pei forming Synne’s amputation or 
amputation of the leg at the modern seat of election 
Which of these two procedures is adopted will depend 
largely’ on the cliaiacter of tlie injruy to soft parts 


INT 

UTERAL' 
LIGAMENT' 

INTEROSSEOUS] 

LIGAMENT 

OSCALCIS 


Via 08(i 

Coional section of the nnklc-joiiif showing 
paiticiilarly tlic interosseous nstingalo- 
calcanean ligaineiit 


In the present wni injuries to both legs lm^o been fairly coininoii 
If the patient must Jose both feet, the poasibilit^ of performing fibio- 
calcaiican fusion may auso as an alternafivo to amputation This 
consists of rolno^nng«tho cartilage from the ankle inortieo and the upper 
surface of the os calcis Half an inch of the antenor end of the os calcis 
18 also removed All other bones of the foot are removed (Fig (187) and 
the os calcis is fitted into the mortice of the ankle joint denuded of its 
cartilage and malleoli This stump vnll render the patient indcjioiident of 
an artificial limb at homo 



mien the os calcis, the 
heel flap andsuflicicnt 
Hilda maged skin is 
available, tibio onl 
cancan fusion is a 
possible expedient 
under exceptional 
circumstances 


THE TREATMENT OF LATE WOUNDS INVOLVING THE AIJKLE-JOINT 

If there are no visible signs of inflammation and esjiecially’ if the 
astragalus is fractured, it may’ be wise to perform astiagalectomy’ In 
this instance the cavity’ can be smeared AVitli Bipp The paste must be 
prepared in conformity with Rutherford Morison’s teaching and be of the 
proper consistency One of the objections to the use of Bipp is that it 
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WOU'TDB OF THE AXKLE AND TABSAL JOINTS 

interferes ^-ith the interpretation of radiograph® bnt m the case of the ankle- 
joint this objection has not tho same significance as m the case of a fractured 
bone Again the caviU is filtcfd hghtlj with vaseline gauze and a plaster 
cast applied 

^Vhen the wound is visibly infected amputation is usually indicated 
If there is anv question of a spreadmg or anaerobic infection a guillotine 
amputation just above tho maUeoh is iisunlli a wise procedure (see 
Chapter L\IX) In due course when the infection has abated secondan 
amputation at the modem seat of election ean bo performed 


INFECTIVE ABTHHTTIS 

As ciplamed alreadv purulent arthritis of the ankle-jomt is a dis 
appomtmg comphcation of compound fractures m this neighbourhood and 
b^use of the anatomical arrangement of the joint its treatment Is inclined 
to be unsatisfactory 

Ai with otbn' Wnta tbe \ oinenble thnoe with do Atbqnte bVx>d upplr U the articruUr cnrl(l*Ar 
vhiefa hecoBM MteDnl &nd lUbte to dectmirtfcm from pic— w To olm»te per —ire l» the prlmArr 
obJ«ot of trartko. Tnfltwimatbm hi a Jotot teada to apam of •onoaodioj; mojclea, aod It i* thb 
ahkh caotea tbe Jobt earfarva to br^omo pmed topHber aad rcnlU in akxigiitns or Blceratkn of 
the eartIUce la appljing traetkn to an iofUBvil Joint onlr nooeb H required to OTrrame 
ratneular •pa'n Tr sore than thi« U etoplojed. the poll operate* opes inflaaird and soddeoed 
QBtBHnti, c— <eqoeaUr pt" H breea—I Instead of bet— reorred and tbe stafaCDtj of tha joint 
li per ma Bentlj pec jis I ked . 6o It eooter about that If In tM eoorae of tnatoimt pain h reUerra at 
finrt and then for bo obrt un re*«oa returos. It is quite 
ULelj that orrr traction U the cause and certainir 
If l in ing the atBoont of extenskci thouhl br tried. 

In cases of purulent arthritis of the 
aukle joint there is often a sympathetic 
effusion into the tendon sheaths It is 
possible that suppurativo tcnosvnovitls 
may be confused with purulent arthritis 
but as the former condition is bkely to 
be confined to one set of tho sjmovial 
tendon sheaths (see Figs 077 and 078) 
the differential diagnosis is not usually 
diflBcult 

Aipirating the joint — Gas and oxygon 
amesthesla is advisable The anJdo 
jomt con bo punctured antenorlv either 
between the lateral border of the extensor 
digitomm longus and the external mal 
leolua or betwWn tho medial border of 
tho tibiahs anticus and the mtemal 
maUeoloa The needle should be intro 
duced with a shghtlv downward tilt 
(Fig 088) 

As much flmd should bo withdrawn as possible 

[a) If^the fluid be tTemparont with a few- flakes of lymph good has been 
done although the aspiration mai have to bo repeated m fortv-eight hours 
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Fro OSO 


Postenoi incision 
for draniago of 
the nnklo-jouit 
If iiecossnry a 
second incision on 
the nmer side of 
tlio teiido Aehilhs 
can be nindc 


if clinical impiovemeiit is not maintained Stained films 
should be prepared from the fluid for evidence of the natine 
of the oigamsm 

(6) If the flmd be turbid it is hopeless to obtain a mobile 
jomt, and the best that can be expected is ankylosis If the 
surface woimds aie reasonably clean and the organism is 
anjdilung but h£emol 3 d:.ic stieptococcus, then drainage of tlie 
joint should be tiied 

Incisions for draining the joint — The best diainage is 
afforded bj’- malong a short veitical incision at one or both 
of tlie two pomts lecommended for puncture Thiougli the 
opemng a piobe is passed into the joint A laiger postenoi 
mcision IS then made lateral to tlie tendo AoluUis (Tig CS9) 
lateral the better to avoid vessels and neives Aided by 
the probe the postenoi pouch (see Tig 676) can be opened 
adequatelj'^ A tube is inserted into the postenoi woiuid but 


not into the joint adequate tiaction and immobilization 
and this method of incision, the best simple dependent drainage of the 
joint IS afforded 


(c) If the flmd be associated vnth a luemoljffic streptococcus oi he 
fianhty iiuiulent with comparativelj’^ clean superficial ivoimds, I vonld ti.v 
astiagalectomy before resorting to amputation The cavity left bj'’ astra- 
galectomj^ should be dramed &eely behind the external malleolus, and an 
oral comse of sulphonamide instituted Under these cucumstances there 
IS no leason whj^ the infection should not he got iindei contiol 


THE TARSAL-JOINTS 

SURGICAL ANATOMY 

In addition to the ankle-joint there are six sjmovial joint camties m 
connection with the tarsal bones (1) The cavity over the head of the 
astragalus , (2) the posterior astiagalo- 

calcanean joint , (3) the calcaneo-cuboid 

joint , (4) the joint between the cuboid and 
the bases of the fomth and fifth nietataisals , 

(5) the joint at the base of the first meta- 
taisal and (6) a comphcated cavity between 
the scaphoid and the individual cuneiform 
bones (Tig 690) 

Toi a supple foot with spring these 
joints aie necessaij^ , for a foot which will 
seive to bear weight and aUow walking ca°^^ne8^o^^ 

tliej'" are mmecessarj^ but for such a good -vvitL tho tarsal bones 

lesult the bones must be in ahgnment, 

ankylosis must be sound and the metatarso-phalangeal joints must 
be free Tor the foot as a weight-bearing structure see p 735 
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OEHEEAL CONSIDERATIOHS OF WOUl?DS INVOLVUrO THE TABfiAL-JOIHTS 

If the tarsal joints are wounded mvnnabl\ one or more tarsal bones 
are iurolred Such woonds hare proved not uncommon in the present war 
(Fig GOl) The tarsal bones are alow to overcome sepsis and heal, but as 
long as infected jomts are drained the abgn 
ment of the foot is preserved and the first 
metatarsal is intact it is always worth perse- 
vering with conservative treatment In order 
to mamtam alignment of the foot and prevent 
equinus at the ankle the most efficient sptmtage 
IS by plaster casts In the early stages of 
treatment the leg is kept raised on a Braun s 
splint or an mclined plane 

IVhen the metatarso-plialangeal Joint of the 
big toe 18 affected traction can be applied by a 
strip of Cramer ^iiro embedded m a foot plaster 
and reaching 4 ul beyond the toe PnJp 
traction can be emplo^-cd or skin traction 
effected by gauze strips fixed to the big toe 
by glue Should the joint ankyloae 20* of 
extension is the optimal postaoo In this 
position the patient maj find that ho can walk with reasonable comfort 
especially when a metatarsal bar has been fitted to the sole of the boot 
IVben ankylosis occurs m an\ other jtositlon it is best to excise the proximal 
half of the proximal phalanx 
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WOUNDS OP THE HAND 

I N tlio cfiw of tho liniKl the ponnlt\ resulting from the failure of immary 
suture nflcr oxciaion of wounds is so heavy that pnmnr\ suturo slioiUd 
be restnctcd to the occrunonal exceptionally favoumide cnso \\ oimcla 
of the hand are often associated xinth compound fracturea consoquoiitlv 
radiographs are most desirable but if they cannot bo obtainc<I mthout 
delay the\ should not be insisted upon 

The UJe of a toumlaoet to iccure a bloodlen field — A tounuq^uot should 
be applied as tlio first atep m the opemtire procedure before the cleansing 
of the akm An Esmarch s bandage is satiafacton but precautions must 
be obsorvetl m its use Firet the arm w raised Tlio turns start nt tlie 
fingers and continue progreseiyolj up the forearm Tho bandage is then 
tied firtuh belou* tho elbow and the distal toms are undone up to tho UTist 
A pnemnatic tourniquet or the arm bag of a bloo<l pressure npiMimtus 
inflated to a pressure of 230 mm eho^d be used uhen it is iiecessar) 
to apph ft tourniquet Above the elbow A pneumatic tourniquet lias a 
further advantage in that its pressure can be reduced to aUou blecduig 
vessels to bo ldcntifie<l and secured after whioh it can l>e reliiflatod until the 
ojieration is completed ^^^leQ the injun is confined to the distal half of a 
digit a small rubber catheter or narrow stnp of sheet rubber is first applied 
round the base of the finger and clamped with r hfemostat 

Local ansMthetla and the Indioatioiis for Its use — Wlion tlas injun is 
restneted to tho distal phslaages of one or more fingers 
general anawthosia is unnecessary Ruig amesthesia 
with 1 per cent freshh prepared novocain without 
adrenalm is preferable The aniesthebc solution is 
injected round tlie hose of the finger distal to the tlnj 
tourniquet (see above) commencing the mjoction into 
and then deep to the skin on the dorsum and sides (Fig 
692) before tho sensitive palmar skm is injected An 
interval of five mmutra must be allowed to elai>se before 
the operation is eonimonced 

In the hand proper infiltration amestheaia renders 
tuBues semi translucent tlius aiding the location of foreign „ ^ 

matter To comracner with the skin of the palm must of a® 
not be pneked it is much too painful Infiltration is tbf *0101100 i« 
begun from the donnun and proceeds through the thickuews thr 

of the hand to infiltrate the tiAsoea of tho palm (Fig 003) * 

In dne course an mtradermal injection of the palmar skm is ofTeotwl bi the 
needle introduced from tho dorsum After this step tho needle can be 
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reintroduced painlessly from the palmar aspect Infiltration must be 
extensive and include the skin as well as the subcutaneous tissues Local 

anaesthesia has many advantages 
The chief decision to be made before 
employing it is, can the skm be 
cleansed adequately without a general 
anaesthetic ^ 

Cleansing the skin — After a 
tourmquet has been apphed, atten- 
tion should be directed to cleansmg 
the skin of the hand and forearm 
This IS a most important considera- 
tion If thorough skm preparation 
can be earned out without an 
anaesthetic, so much the better, for 
it permits the use of local anaesthesia 
for the operation If local anaes- 
thesia IS to be used, the cleansmg of the skin, important at all tunes, is 
doubly so, and the greatest care must be apphed to stenhzmg the dorsum 
of the hand through which the anaesthetic is mjected invariably Often 
a general anaesthetic is necessary, not so much from the pomt of view of the 
actual operation, but to spare the patient pam when scrubbing the skm near 
traumatized tissue Ablution of the exposed portions of the hand and 
forearm is undertaken with soap and water before removmg that portion of 
the dressmgs in contact With the wounds The soap is dissolved m hot Water 
which has been boiled, and when required for use it is mixed With an equal 
quantity of warm sterile water If the skm is engramed With dirt and blood, 
ether or ether soap is used Finally, the soapy solution is washed away With 
sterile water or sahne solution The table on which the limb rests and the 
■whole operation field are now covered with stenle towels and the surgeon 
changes his gloves 

Wound excision — The dressmg covermg the wounds is removed and 
the skm edges are pared carefully 'With curved scissors If need be, the 
ongmal wounds are enlarged by mcisions so placed as not to wound tendons, 
important blood vessels, or nerves (Fig 694) These mcisions should, as far 
as possible, be made m a transverse direction as curved or sigmoid extensions 
of the wound, which is then explored systematically 'with the aid of suitable 
retractors All foreign matenal and loose firagments of bone must be removed, 
and all contused, soiled and devitahzed tissue excised 

If before the apphcation of the tourmquet it was obiuous that the blood 
supplj'^ of one or more fingers was seriously jeopardized, amputation should be 
carried out forth'with , should there be doubt concemmg -viabihty, the 
tourmquet is released after completion of the wound excision, so that the 
appropriate level for the amputation can be detennmed Fmgers or portions 
of fingers, of which the bones are hopelessly shattered and the tendons 
destroyed, should be disarticulated, but when there is a suitable portion of 
intact skm "with a good blood supply connected with the fingers it can be 
utihzed to cover skm defects on the palm or dorsum of the hand (Fig 696) 
Ever^’^ effort must be made to save as much as possible of a wounded 



Fig 693 

Note, again, that local anaisthetic is introduced 
through the dorsum even when the palm is to 
he ancesthetized 
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\ limpt uvi iB-rfal txpf of p*lm»r «ick ap •pUnt dfaipnrd to hoU tbc Land in tte pwltfc® 
of foneDoft, U d«crfbpd In KanaTTf* book. It D Oglit in ircljiiit fkJriT rteid and mad? out of thin, 
hard, abeet alamiiihim 60 ) A iimpie apUnt aoeb 
fhh can fa«Dj be cut out of aln mlrU tun abretfaR «lth 
tin-nrtttng abcara. and h ran be aitered to anit the par 
tlrolar caae A pifc* of robber cricket bat jrrip can he ir«ed 
to corer tbe rounded band piece and the aplmt ItaHf ean bo 
padded alth ibeet aotbo robber If robber It a^ed, tbe 
ardiAt can be appQed to the hand abOe iofeetkai it pee*<nt 
Frienrifi armt nr a tramrerae rotar loop ean be tlerWd 
eadlr and added to tbla bade apQnt to aerro at attach 
m»Tit foe finper tip ertcntiiec either In an extembtl or Fro ®) 

ftexftl poaitkai. j almar eplint tn bold tbc band in the 

In tho pontion of function the Imnd m 
(lorsifloxed nt the wrirt to an angle of 45^ 






uhilc the fingers are flexetl at 40 
nt their metoenqx? phalangeal and 
intcrphalangcftl joints The thumb 
w rotated and abducted so that 
it« flexor surface is opposite the 
flotor surface of the mdex finger 
(Fig CDS) Eron when there i> 
a high degree of impatnuent of 
function with stifi joint® fibrosis 
of musclea and iwire lesions it im 



still possible to cam out n large 
mim^r of iraiiortant actions with 
a Imnd m the position of function 
Wounds nhicb have been 
sutnred after excision or dean 


llaml In tV “ podlho of function ” 

m iKJHpital l>e treated ns Bohler rc 
cornmendH mthont or bj earlj re- 
moval of nil dressings A protective 
scab soon forms when woands arc 
exposed to light and nir Bi con 
htnictlng ti cage of Cruiiicr xsiro arountl 
tbe hand (Fig COO) and covering the 
cage Viitli a Inj-er of gauze wounds 
are protected witlwut contact witli 
dressings 


open wounds or stumps ma\ on 
condition that the patient remain^ 



Fro (TO 

\ of Cramer wire for protecting tbe 

hawldunoff open-Uf trrotroeot offbe uoamL 


COHPOUKD PRACTnjBKS 


Oompound fractum ol the metacarpal honei— After excision of the 
t\ound an attempt sliould be made to reduce the displacement Because 
of laxitj of the capsule and ligaments traction on the fingeni la meffectivo 
un cffl the lateral hgamenta of the roetacarpo phalangeal jomts are renderetl 

® fractured meta 

carpals should be maintained with their motacorpo phalangeal and proximal 
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thumb Even the salvage of a small stump is a tremendous asset foi futuie 
useful funetion To achieve this, providing always excision has lendeied 

the area virtually aseptic, it may be 
necessary to cover the raw extremity 
with free whole thickness skin grafts or 
^vlth pedicle or “ pocket ” grafts from 
the skin of the lateral abdominal wall 
In cases admitted after the safe period, 
or in those in which infection is aheady 
jiresent, one must wait until the denuded 
area is covered with healthy gianulations 
before applying the grafts Throughout 
all stages of treatment and under all 
conditions the thumb or its stump must 
he separated from and opposed to the 
fingers, and held m the position essential 
for useful function 

In war wounds seveied tendons and 
nerves should rarely be sutuied at the 
primarv operation (see Chapters LII and 
LIII) " 

The tourmquet is now leleased and 
spurting vessels tied with fine catgut 
The majority of war w'ounds of the hand 
should be packed lightly after excision with selvadged ribbon gauze of suitable 
width, soaked in flavine and paraffin, which is an excellent dressing in the 
early but not in the later stages of heahng 

Raw surfaces or open stumps are protected from adhesion to the 
dressings by covering them with strips of vasehne gauze or tulle gras 

Immobilization during heahng — great difficulty m treatment of injuries 
of the hand hes m the fact that the lesions are so often multiple They 
resemble farmers’ crops conditions which suit one are unfavouiable for 
the others So it comes about that 
immobihzation, Avhich is essential for 
healmg of the injuries to the soft parts 
and bone, is prejudicial to preserva- 
tion of function m the mobile struc- 
tures For this reason the hand must 
be mamtained throughout treatment 
m such a position that the residue of 
movement in the wrist and fingers 
may be of maximal use Kanavel 

insisted on this essential primarj'' principle and aptly described it as the 
position of function It was m order to mamtam the position of function 
that Sir Robert Jones introduced the cock-up sphnt (Fig 696) 


Fio 096 

“ Debonecl ” digital flaps were used to 
cover a skin defect on the dorsum m this 
case 



Fig 690 

Jones’ cock-up splmt 



33 
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SPLl NT on PLASTER STRIP 



The correct position to immo- 
bihze the finger in the case of 
a fractured metacarpal bone 


fractmed digit flexed 
of 45° at its metacarpo-phalangeal 
and distal interphalangeal joints, and 
to 90° at the proximal interphalangeal 
jomt The digital splint is incor- 
porated in a forearm plaster case 
(Fig 701) When there are extensive 
wounds on the palm or on the palmar 
aspect of the fractuied Anger, the sphnt 
can be apphed to the back of the flexed 
finger and mcorporated with a plaster 
slab fixed to the dorsum of the forearm 
and hand The uninjured fingers 


interphalangeal joints at an angle of 90° by a 
dorsal sphnt of Cramer wire, alummium or a 
plaster slab (Fig 700) 

Compound fractures of the phalanges — I have 
not found that finger-tip extension (apphed to a 
stainless-steel pm transfixing the pulp) can be 
mamtamed for a sufficient period to be helpful , 
furthermore, pulp extension tends tn decrease the 
blood supply and impair the vitality of the injured 
tissues (McNeal}’^ and Lichtenstein) Consequent^ 
such cases have been treated on jialmai finger 
splints made of Cramer wiie or alummium stnps 
These are first moulded on the surgeon’s own 
finger, padded, and then apphed to the patient’s 
to an angle 



Fig 701 

Digital splmt mcorporated m a forearm 
plaster case 


must be left free for early active movements to prevent capsulai adhesions 

Care should be taken to follow Watson Jones’ mjunction that “ each finger must be immobilized 
m such an axis of flexion that it pomts to the region of the scaphoid tubercle,” because the flexed 
fingers do not normally ho parallel If each finger is flexed m turn, it inll bo found that they con- 
verge and that the tip of each of them touches the palm near the base of the thenar emmence 
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This technique evolved Siater S T Wrav of the Ro^al Infirmarv 
Sheffield who has had an eiceptionallj largo oxponence of theee cases has 
proved excellent in the class of case indicated It shonld be noted that 
bister W ray approve* of the dn method for the majontv of cases 


INFEtmON OF FLEXOR TENI>OH SHEATHS 
(Index, TnM<ns and finseis) 

The classical signs of snppurativo tenosynovitis are intense pain in the 
affected finger with fever and general malaise The finger is swxiUen 
gymmetncally and la held ngidly m a semi flexed position Tliere is acute 
tenderness over the course of the sheath 

These signs arc not alwa}^ present when this senons comphcation anaes 
after a gunshot injurv of the hand The ngid flexed position of the finger is 
cansed by tension within an intact sheath and it disappears as soon as the 
sheath ruptures or is opened by a surgical incision It is for this reason 
that if the aheath has been opened b\ the injury phvaical signs are anomalous 
The only constant sign is intense tenderness on pressure oyer the proximal 
cul-de-sac of the aheath in front of the head of the metacarpal bone (Iselm) 
leolm compares the synovinl cayitv of a 
flexor tendon aheath to a thermometer with 
a capiBaiy tnbe above and reservoir bulb 
below If the tube is opened the Liquid 
does not flow but it does so immediately 
the reservoir is opened 

AppUung this pnnaple he considers that 
digital mcisions are qiirte ineffective m the 
treatment of suppurative tenosvTiovitis He 
recommends through-and through comnua 
aural inaaious which open exclusively the 
proximal cul-de-sac of tho sheatk. 

ISELDTS METHOD OF DRADTIirG THE 
FLEXOR TENDOH SHEATHS 
(Index, middle and rtnf flnfoci) 

SuTfical anatomy — Before undertaking 
operative treatment by this method it is 
essential to nnderHtand the amgical anatomy 
upon which the prmciplea are based The 
flexor tendon sheaths of the index middle 
and nng fingers end bUndly The imagmaix 
hue which marks the proximal limi t, of the 
three culs-de-eac is as follows it runs from 
the outer and distal end of the vertical 
palmar crease to the inner end of the distal 

palmar flexion cr^ (Fig 704) The proximal cnl-de-sao is the weakest 
part of the sheath and it is hero that rupture occurs when the sheatli 



An Inuginarv line Joining tbe 
dMnl «jd» of tl^ Turtle*] 
pnh&ar erwe nnd tlie TwdUl 
Uxuilty of tho ditlAl cre**« 

mxiijt tlK- proilnMl llmiU tbe 
thm- 


724 


WOUNDS OF THE HAND AND FOOT 


arrangement of tendon sheaths and neives (Fig 702), lest, perchance, the 
intervention becomes mischievous 

Immediate after-treatment is a matter of prime importance and one 
which cannot be stereotypied, but certain fundamental pnnciples can be 
emphasized — 

(а) The hand and forearm should be immobilized in the position of 

function (see Fig 698) by one of the several methods detailed m 
the previous chapter 

(б) The hmb should be elevated 

(c) Sulphonamide therapy is begun 

(d) Access should be afforded for frequent examinations m order that the 

surgeon may have an opportumty to diagnose promptly such com- 
phcations as tendon-sheath infection or fascial-space mvolvement 
This requirement prevents the adojition of the completely closed 
plaster which might well be employed m parallel cases elsewhere 

Regardmg local treatment of infected wounds of the hand, there is 
httle doubt that a radical change is m process of talong place AH are 

agreed that arm baths, so popular 
until a few years ago, should not 
be used in these cases Many 
surgeons have bamshed hot moist 
dressmgs altogether Fomenta- 
tions, in partic^ar, have the great 
disadvantage of being painful, 
and by scalding and maceratmg 
the skm they render the diagnosis 
of comphcations far more difficult 
Again, if hot moist dressmgs are 
employed, it is more difficult to 
design methods of immobdizmg 
the hand efficiently 

Dry heat from electric bulbs 
(Fig 703) or artificial hehotherapy 
apphed for two hours at a tune 
would appear to offer aU the 
advantages, vrthout the dis- 
advantages, of hot moist dressmgs m any shape or form 

K aqueous solutions are withheld, vasehne gauze or acriflavine ui 
glycerme are suitable dressmgs to be apphed to the wound itself 

In a few cases, particularly those associated ivith sloughmg tissues, the 
above methods are not accompanied by satisfactory progress, and it may be 
considered advisable to change to the “ wet ” method for a daj'^ or two 
Wi/h the hand still immobilized “ rotation dressmgs ” are apphed and changed 
every four hours Used in turn are 

1 Eusol (normal strength) 

2 Hydrogen peroxide (10 per cent ). 

3 Magnesium sulphate (5 per cent ). 

4 Normal salme 



Fig 703 


One method of applying dry heat to an infected hand 
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tbr pnjorfiOT pn«rP»“ t> .Irmm of p.rtitloi^ irtlcli, bo.fttr mu^y 

ta^tSSt IiifoSoo't to lov o.n rireritoc* I»-lbS i!i*r.tlo<i bu i»o^ uicctWA tat I 
dirt J md. of Ibo Inddau .tooU bo kopt pnatoJ to the liitrri«t.0TOl%™t 
oi £i*port*jit ttrurtare ni*\ c»inB troabWoine imirrent dor«*l dWoMtlco of the dUUl end of 
tbe mrt«*rp*L For the eejne iT*'cn U b ln»dri«*bW to eplrt the «b« too deeplj in opening 
ebeceMee of the romml-tatml or lumbriced epAcr^ 
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leoUn I method of dratnlng * flexor tendco ebceth. Four commiaeoral Incdaloni open tbe 
mpe rtor cnl-de-Mo xt tho dte of election end pennH Introdoetlon of t«o trensfixloo 
rubber ttript. In tbe eew fTIortrxted the temloa ebeetb of the ring finger « Infected 


SnppIemenUry moanire when drsliuire If nnsfHriactory — Ar has been 
emphasizod Jf the distal crnl-de-eac has been opened rea^nablj oarlv drtunAge 
of the whole tendon sheath w assured Oooaaionally in late caeoe drainage 
is unsatisfactory owing to intrathecal adheeions Again if snppurstion 
should persist from the wound (onginsl accidental or operative) in the 
digital portion of the tendon sheath in sprte of the fact tliat incisions 
through the hand have discharged satisfactorily for three or four days it 
is certain that the drainage from tho basal moisions is unsatisfactorv 

Under the foregoing ciroximstances partitioning off of the sheath maj 
With certaintv be Inferred and most be dealt with by dividing tbe first 
pulley on one side thereby permitting free drainage of the basal portion 
of the sheath 

Lateral dirtsioa of the first pvMetf — One must not forget that the pronmal 
pulley IS long and extends into the palm above the digito palmar creaae 
It cannot bo divided completely h^ adding an incision on the lateral aspect 
of tho finger to the existing palmar incision, for the proximal part of the 
8i A 
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becomes distended with 
his operation to diain 


SUPERFICIAL 

transverse 

PALMAR 
LIGAMENT* 


, TRANSVERSE 
GAMENT 



PALMARIS 

BREVIS 


PALMARIS 

LONGUS 
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Dissection sliomng the intordigital 
commissures (After leehn ) 


puiulent exudate Isehn, theiefoie, lias designed 
tlie cul-de-sac bj^ the most dnect loute which 
IS througli tlie commissuie 

“ Commissure ” is a Frencli term 
and a highly desiiahle one to ein- 
plov, foi it includes, m addition to 
tlie web, the web spuve and celhilai 
tissue between the bases of the fingers 
(Fig 706) As will be seen in Fig 
706, a possible obstiuction to free 
diainage of tlie distal two-thirds of 
the tendon sheath, especially m the 
presence of intrathecal adhesions, is 
the first pullej’’ wliicli surrounds the 
sheatli Theiefore, in some cases 
it IS essential to divide this puUev 
(see Fig 708) 

The operation compiises fom in- 
cisions, two palmar and two dorsal, 
tlirough the base of the mterdigital 
web The palmar incisions follow the 
direction of the mtermetacazpal space, 
opening uji both mterdigital com- 
missures of the infected fingei They average 2 cm 
m length Proximalh' thej^ are limi ted bj’^ the 
imagmar}'^ hne depicted m Fig 704 Distally they do 
not reach the free edge of the web After the 
aponeurosis has been incised, the skin edges are 
letracted to expose the 33010 vial cul-de-sac, which is 
lecognized easil3^ because even if it is not distended 
Nvlth pus, it IS congested and oederaatous The 
cul-de-sac is opened on each side with a scalpel and 
the tendon is exposed There is no danger of injur}" 
to the collateral nerves and vessels of the fingei, 
because, at this level, they he considerabl}" deepei 
than the s3movial cul-de-sac, which lies superficially 
just under the aponeurosis 

Next, a hsemostat is inserted tlirough each palmai 
incision in turn and pushed back to raise the slan on 
the dorsum the beak of the hsemostat is then cut 
down on, and opened to grasp a stiip of rubber 
which IS puUed through to project from the palmai 

incision (Fig 707) The rubber strip traverses the commissural space 
from back to front and acts as a dram The sheath is not directly 
drained, it is simpfr drained b}" the two strips which he m contact vsth 
the opened cul-de-sac 


DISTAL 
CUL-DE SAC 

2nd PULLEV 

-MIDDLE DIUTATIOK 


■1ST PULLEY 


PROXIMAL 

CUL-DE-SAC 
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Sho\\ ing lioAi tho first pulley 
in particular can obstruct 
free drainage from the 
proximal cul dc sac 


Proof that tins form of drainage is i\cll placed is afforded the following cbmeal obscnations 
(a) So long as pus formation continues the mcisions show no tendency to close , (b) a digital incision 
made prowiouslj dries up and closes rapidly if supplemented by fselm’s incisions Tho success of 
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The fp»« of Ptron*. 


Tlicso dasaical Bigna become lost as soon as the bure® give w-a\ and 
the purulent exudate becomes diffused m the palmar spaces or as is more 
UBuaJ spreads up the forearm m the cellular 
space which lies deep to the flexor tendons 
and muscles and m front of the pronator 
quadratufl and the interosseous membrane 
(the HiKice of Paronn) (Fig 710) It was 
Kanavel m the first edition of bis Infections 
of the Hond (1912) who first rccognited 
the cUnicnl signs of this formidable condition 
He also desenbed sound pnncijiles of treat 
ment Imsed upon surgical anatom\ The 
extension upwards into the forearm (Parona s 
space) 18 chametenied b\ a bmwn\ m 
duration that ahould not be confused with 
the softness of an cedemn Xo fluctuation 

should be exjieoted smee the accumulation lies 
too deeply There is loss of tlie relative swellmg 
immediateh above the antenor annular ligament 
not because this swelling is leas but because 
tiiat of the arm is greater The tenderness mav 
become leas The redness is generallv greater 
and spontaneous pam while at first marked 
subside* mpidlt In a deflnito ulnar or radial 
bureal infection that has lasted fortv-eight hours 
such an e^ensioQ should be assumed and an ninar 
incision made (Kanavel) 

Operative treatment — Isolin differentiateij 
between the treatment required m the early case 
in which the mfective proceaa still remains confined 
to the ulnar and radial bursie and the treatment 
of the later case with diffusion of the m 
flfijnmatorv exudate He comuders that 
the early uneompltcaled burial tnfecJton 
requires lateral forearm \nmtons only to 
dram the upper end of the ulnar cul-de 
sac and, if need be the radial bursa also 
For an ulnar bursa infection the ulnar 
moision suffice* (Fig 711; m a radial 
bursa infection or with infectian of both 
bursffi the more important ulnar mcision 
(which affords dependent drainage m the 
normal poeture of the forearm) is first 
completed and then supplemented by a 
short radial incision to permit introduo 
taon of a through-and through dram 

On the oontrary a rupiured bursal tenosynomtis with dxffimon aheaus 
reqwej! ^ditional inasxons tn ike hand An mciaion mto the digital part 
of the Hheath is useloes The inasions shown m Fig 712 enable us to insert 



Inckkma for disinlng tbe milai 
«t)d ahttr boraa wbm tb« tn 
feetkn k oociflnwd to tbe bonk 
or baEM^ 
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pulley will peisist and continue to strangle the sheath To effect its complete 
division the dorsal route must be followed by prolongmg the existmg dorsal 

incision down the fingei in the dorso-lateral 
line, behind the collateral vessels and nerves 
which are pieserved intact m the anterior 
hp of the wound This large incision brmgs 
the base of the tendon sheath into plain 
view (Fig 708), and the vude pretenduious 
band wdnch constitutes the pulley can be 
divided in its whole length close up to its 
insertion When this step is necessarj'^, one 
generally finds that the tendon itself is 
grossly infected, and this is the underljang 
cause of persistence of the discharge, in which 
case the prognosis with legard to the function 
Fia 708 of that digit is hopeless 



Should dramago of tho first cul dc 

sac not suffice, the proximal pulley 

should bo divided on one side onlj SUPPURATIVE TENOSYNOVITIS IN THE 

after prolonging tho dorsal mcision THUMB AND LITTLE FINGER 

downuards into tho finger 

(After isehn) As IS Well known, lufcctions of the tendon 

sheaths of the httle finger and thumb are 
particularly dangerous The tendon sheath of the httle finger communi- 
cates directly with the ulnar bursa which enfolds the flexor tendons 


as they pass behmd the anterior annular ligament The sheath of 
the flexor polhcis longus also extends undei 


the anterior annular hgament to form the 
radial bursal extension The radial and ulnar 
bursae generally intercommunicate Thus in- 
fections of the sheaths of the httle finger and 
thumb often spread duectly to the major 
bursae in front of the Wrist and endanger the 
whole group of flexor tendons 

Clinical features — When an infection of 
the major bursae takes place the condition 
of the patient bespeaks the serious nature 
of the infection Pain in the hand and 
wrist is severe and the temperature rises to 
102" to 104° F The hand becomes swollen 
on its palmar, but especially on its dorsal, 
aspect 

In the case of the little finger, where the 
sheath extends up to expand directly into 
the ulnar bursa, the maximum point of tender- 
ness IS found just proximal to the distal 
palmar flexor crease on the ulnar side of the 



Fio 709 

The site of maximal tenderness m 
eases of mvolvement of the ulnar 
bursa 


palm (Fig 709) 

All the digits become flexed and rigid Both passive and active 


movements are restneted and exquisitel 3 ’^ painful 
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hindrance acroM the aurface of the pronator quadratofl behind the tendons 
to the external border of the forearm \Mien drainage of the radial 
bnrsA 18 indicated a hfemostat can be passed across transversely behind 
the tendons and an incision made on to its beak keeping rcell to the radial 



Fio IJ 

•tWjHom] iocUon In thr Bor of iiln*r inHiion I* ntcf^mrr »h«i 
ptn hA cTtccMlnl Cir into tb fomnn. 


Ixirder of the bone the better to avoid injiirv to the radial arterv If the 
infected hnrsa or bursai have buret alreadr ptw escapes as soon as this deep 
space IB opened if it doe^ not the proximal cnl-de sac can be made to 
bulge bv pressure upon the palmar portion of the iilnar borsft (Fig 714) 
Tlie base of the bnraa la then ojiened and drained bi a robber stnp (^lien 
pns has been allowed to track up the forearm an additional short mciaion 
(Fig 71 )) m the line of the ulnar incision is indicated ) 


ISFEOnOF OF THE FASCIAL SPACES 

We have seen that the pas in iruppurative tenosynovitis of the three 
middle fingers tenda to cotleofc m the proximal blmd end of their aheaths 
from which it nia\ burst Into the fiiwial spaces of 
the palm 

Ilieae faHcnal spaces maj also be infected (a) 

(liroctlv from a wound of the palm or (6) from 
osteomyehtis (pinmary or secondary to a compound 
fraoture) of one or more metacarpal bonee Fascial 
space infections ma\ m turn involve the radial and 
idnar bursfe 

The two fascial spaces in the palm which are of 
major importance are the middle palmar space which 
lies medial and the thenar space which is lateral to 
the septum which separates them and is attached 
with the transverse head of the adductor polhois 
to the front of the middle metacarpal (Fur 710) 

The middle palmar space hes deep to the flexor bj %, £mc1u Mprinii 

tendons and in front of the fascial covennir of the ^ atticlied with tl» 

interosMi 

TTT, T_ 11 inldcDe mrt*£»rp»L 

>\ hen the middle p alm ar space haa become m 
Tolved the general signs of infection are aggravated There is marked 
local tenderness in the pelm and, while obvious bulging is prevented by 
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drams through the mterosseus space between the fourth and fifth metacarpals 
when the ulnar bursa is involved and tlirough the commissure of the thumb 


ULNAR ARTERY 
AND NERVE 



Anatomical plane for draining the proijmal extremities of the ulna 
and radial bursre 


MALeuJ de ssc 
ULNAR BURSA 
rTENDEDWlTHPUS 


111 infection of the radial bursa In Isehn’s experience, adequate diamage of 
the sheaths is ensured by these mcisions, and in the great majority of cases 

it IS unnecessar}'- to divide the anterior 
annular hganient The prognosis 
depends less on the length than on 
the site of the mcisions The pus 
collects m certain well-defined areas 
it must be sought there, and there 
only, and long incisions become 
useless 

The ulnar incision to dram the 
jiroximal extieniiti'^ of the ulnar bursa 
and anv extension to Paiona’s space 
IS made as follows Tiom a point 
about an inch above the lowei end of 
the ulna a 3-m incision is earned 
upwards ovei the easilj^ palpable 
border of the ulna, and deejiened 
down to the bone shghtl}'- on to its 
flexoi surface The aponeuiosis 
between the tendon of the flexor 
carpi ulnaris and the anteiior boidei 
of the ulna is divided and the 
tendon is retracted forwaids The 
space IS opened up bj^ inseiting and 
separating the blades of a hanno- 
stat, exposing theieby the pionator 
quadratus whicli can be lecognized 
bv the tiansveise diiection of its fibres That the conect plane (Fig 713) 
has been entered is evident because the fingei can be passed without 



XOR CARPI 
NARIS 


Fig 714 

Tlic forearm incision to expose tlio ulnnr bursa 
(After Jschn ) 


IX^FECTED OF TnE ^A^P 
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it tiiroogli the web distal to the unportont branch wliich is given off from 
the lateral division of tho median nerve to the short mnsclee of the thumb 
opposite the middle of tho metacarpal of tho thumb (Fig 719) 


IHFECniVK ABTHEmfl 

Infection of a joint ia often difficult to diagnose when it occurs during 
trofttment of an infected Vround or complicates an infection of the tendon 
ahcatlis 

PhiJangeal joint* — Tho mteiphalangcal joints mn^ be infected bv 
wounds pnrtionlarli of the dorsal aspects of the fingers but tlie most 
common cause of infective arthritis of tho proxinial mterphalangeal joints 
IS auppumtivo digital tonoavnovitis In the latter osteomi-ehtis often 
develops and the fiuiotional outlook is hopeless Disarticulation sliould 
bo performed at tlio motacarpo-phnlangoal joint because of the infection 
m tho tendon sheath rather than the artlinhs -Vn infection commencing 
in and restneted to tlio proianial mterphalangeal joint nm\ be treated in its 
acute stage by resection of the head of tho provimal plmlanv if conservative 
treatment fails TIhj same operation ma\ also be indicated after the infection 
has suhsidod If the joint Ims been alloweil to become ank*^ losed m extension 
^^^len the arthntis affects tho thumb oven tliough it bo accompamed 
bj tenosjTiovitis of tho long flexor ono roust be as conservative as possible 
and trj bj draining tlio sheath and resecting tho joint to wive the thumb 
Uetaoarpo-phalajigesl joint* — Tlie motacarpo phaJangcal jomts are most 
often infected as in tho formidable bite injnne* of civil life h} wounds 
of the knuckle* of tho clenched hand n Inch so readily sever the Bubcutaneous 
extensor tendons strctoliod over the heads of the motacarpals Tlie joint 
mvolioraent is often not detected till tho signs of infection ajipear Aspirn 
tion imraobnuAtion in flexion m jiloster and sulphonaimdee may then cause 
tho arthritis to subside if not it maj become neceasan to provide free 
drainago bv resecting the head of the inetacarpnl 

The wrift joint — Infection of the wrist joint (see Chapter LXI) is a not 
infrequent complication of severe wound infections of the hand parhcularU 
following suppuration in the radial and ulnar bursae 
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Fig 717 

Bunnell’s incision for draining 
the middle palmar space 


the dense palmar fascia, the cential hollow is ohhteiated General siielhng 
and, m particular, oedema of the back of the hand are greatly increased 

as tlie infection develops 

Iselm emphasizes that pus in the middle 
palmar space always signalizes its presence by 
paralysis of the interossei These muscles he 
immediate^ under the pus and are therefore 
picked out and remam paialysed for a long time 
After the period of suppuration, trophic troubles 
of the finger also become manifest as a result 
of irritation of tlie nerves and vessels in their 
palmar course 

Tlie usual practice in former vears was to drain 
an abscess in the middle palmar space through a 
vertical incision in hne until the nng finger, but 
since Bimnell has emphasized the 
objection of contracture resulting 
from a vertical scar in the palm, 
this sjiace is now generally drained 
through a curved transverse in- 
cision just beneath the distal flexion ciease of the palm (Fig 
717), great care being taken to avoid opening tlie ulnar buisa 

Through this incision is 
imssed the point of a 
haeniostat The jaws are 
opened and a strip of 
corrugated rubber is in- 
troduced 

The thenar space contams the thenar 
muscles An abscess m tlus space pre- 
sents no difficulty in diagnosis, for there is 
obvious ballooning of the thenar eminence 
Involvement of this space is usually 
secondarj’’ to suppurative tenosynovitis 
of the flexor polhcis longus It mav also 
result from direct infection tlirough a 
A\ound of the web oi more rarefy follow 
mfection of the sheath of the mdex finger 
The pus surrounds the adductor muscle 
and the abscess may be drained, either 
as Kanavel recommends, by an mcision 
made on the doisal surface of the thumb- 
index Aveb, or bj'’ the tlirough-and-through 
incision through the web The Kana^el 
incision (Fig 718) avoids a scar on the 
palm, and is made at the middle of a hne 
between the distal ends of the metacarpal 
bones of the thumb and mdex fingei 

If the through-and-through incision is used, care must be taken to make 




Kana\el’s incision 
for (Irauimg the 
tliennr space 


Jlclation of tho motor branch of the 
median nervo to tho radial bursa 
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Immobflixitioii — In nil stages nflor tlio wound toilet the foot must lx> 
nniuobilixc<l in plnstor of Pans or a splint The fixation must hold the foot 
at right angles to the line of the leg with noitlier invcrmon nor evonnon 
Tlie internal longitudinal arch must bo supported and there must be finu 
^upport on the plantar surface of the metatarsal heads so as to prevent 
clnmng of the toes J^cglcct of this simple precaution nm\ lead to severe 
contractures which inni be ox 
trenieh difHcult to correct The 
Himplcst and most ofllclent splint 
is a half leg plaster of Pans cast 
(Fig 720) To prevent nn\ danger 
to the circulation when the foot 
IS encasc<l m plaster the cast is 
immefliateh split along its nhole 
dorsal surface and tlic hmb 
elevafetl on pilloa-s or a Braun « 
aplint 

In tlie ab-<cnc:o of a pennstont 
nso of temperature or of dm 
comfort In the foot the plaster 
remains m |>oaition for two weeks 
and is tlicn remoied the wonnd 
nispoctwl and if nccossarj a new 
cest aiiplied after dressing the 
aouiul This procedure is repeated at intervals until licnbng is complete 

When inidctioa ropervenej — Rise of temperature with discomfort m tlio 
foot and tendemeas and sweEhng of the ingmnsl glands is an indication for 
immodiato romovol of the cast and luspeotion of the wound Suoh emptoms 
mdicato fallnre of the attempt to avoid infection All the stitches should 
be removed and incisions made so as to dram tbe wound freelv Drainage 
IS maintained by a light vaseline pack and a now cast is apphed which is 
renewed from time to time until healing w either complete or is anfficionth 
advanced for skin grafting 

Tho above pnnolpkis are applicable to all wounds tliere are however 
some rules which apply onlv to foot mjunes and these are founded upon 
tho physiology of the foot 
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TEE FOOT AS A WEtOHT BEAHUta StEUCTUHE PEDIOlPLES UPOH WEIGH 
TRRATBEJT 19 FOXIHEED 

Id sUailmg, tbe body seiffat m baUneed apnn the ftftnsftlm ftiid from theie tmn&rml to tbr 
beel ftnd fore pert of Ui foot. Appro^infttely hill of tho rtftndliis wdj[bt m knr hscled tboo^ K 
tmafenrod to the hool ftod of tho rerufttnlng tftlf tho Rre«ter part m tftken bv tho firrt met*t*rwl 
ftjid tbo rt»t by tho ontor four iBetfttftiMl% oftoh of «hkh li In conttrt with tbo eroomL 
TLo wEolo of tbo fore pert of tbe foot aerre* to tncrcew tho bft» npon wbleb the body k belftnced, 
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WOUNDS OP THE FOOT 

W AR mjUTjes to the feet are produced either by projectiles or by 
crushing The lieavy boots worn by soldiers are no protection 
against missiles, but they may save the foot some damage from 
compression The shght protection afforded by the boot does not 
outweigh the disadvantage that foot covermgs are usually dirty, especially 
in war, with the result that wounds are frequently contammated witli 
fragments of boot and sock, this greatly addmg to the probabihty of infection 
The bones of the foot are but thinly covered vuth soft tissues, so that 
wounds almost always result in severe compound fractures with considerable 
commmution of the bones and much destruction of tissue, again making 
infection more hkely 

These facts explam the frequency ■with which foot wounds become 
mfected, and emphasize the necessity for particularly attentive treatment 
Wounds seen vtthin twelve hoitrs of injuby — ^As elsewhere in the 
body, all wounds, if seen withm twelve hours of the mjury, must be excised 
most thoroughly Bleeding vessels are picked up with hsemostats, and 
these are left on until the excision is completed If this is done, ligatures 
are usually unnecessary, except for the larger arteries which are tied "with 
fine catgut \^Tien the excision is complete, an attempt must be made to 
close the skm over the wound The skin alone is sutured and no attempt is 
made to join deep structures, as any buried suture material undoubtedly 
mcreases the liabihty to suppuration, and any necessary reparative surgery 
can be carried out more easily and safely when the wound is healed and all 
danger of infection over 

The skm must be closed ■without tension, as any tension on the wound 
edges ■will mvariably result m sloughmg and infection If suture without 
tension is impossible, then either relaxing incisions must be made so as to 
swmg primary flaps over the wound, or the wound must be left open without 
sutures It is particularly important to close wounds of the sole, smce large 
granulatmg areas m this weight-bearing region often result m pamful scars 
which necessitate subsequent excision and skm grafting, a procedure which 
may present considerable difficulty and does not give such good results as 
primary suture 

Wounds seen more than twelve but less than twenty-foub 
HO'UES AFTER INJURY must be excised carefully and the wound left open 
Wounds seen after fwenty-four hours are treated by ddbridement 
(see Chapter XI) , no attempt at formal excision is made, but the wound is 
enlarged so as to ensure free dramage of all pockets The wound n then 
left ■wide open and packed hghtly -with vasehned gauze 
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Inunobfllxttioii — Iii nil htngo» nftor the wotmd toilet the foot intist 1)0 
imniobilb^ in plnstor of Pans or n uplint Tlie fixation murt hold tlio foot 
nt right nnglcf* to the line of the leg with neither inversion nor everwon 
Tlic Internal longitudinnl nrch muxt l>o biipported and there must be finn 
Mipjiort oil the plnntnr surfneo of the motntorsal hends po as to prerent 
clnmng of the toes Jscgicct of this siniplc proenution nin\ lead to aovere 
contmcturch v-hidi !ua\ be 
trcnicls flifiiciilt to oorroct The 
simplest and most cniclent splint 
is n linlf leg plaster of Pans cost 
(Fig 72ti) To proi ent an\ danger 
to the cnxulntion tv hen the foot 
IS enensod in plaster the enst ih 
immo<Iiatcl\ split along its whole 
dorwil surface and the limh 
ek)vntc<l on pillows or a Pmuns 
splint 

In tire aliMjnco of a persistent 
rise of temperature or of dis 
comfort In the foot the plaster 
romnins in iwsition for two weolvs 
and IS then removed the wound 
inspootctl and if ncccwar) a new 
cnirt appllcil after dressing tlie 
wouml Tills procedure is roiicfttod nt intervals until JicnUng is complete 

When laleirfioa taparrenea — -Riso of tomperaturo with discomfort In the 
foot ami tenderness and swelling of the inguinal glands is an indication for 
immediate removal of the cast and msireotion of the wound Such sj-mptoms 
indicate failnre of the attempt to avoid Infection All the utitchea should 
be removed and musions made bo ns to dmm tbo wound freelv Drainage 
IS maintained by a light vaselmo ymek and a new cast la appUed which is 
renowml from time to time until healing Is either complete or is sufficiontlv 
advancevl for skin grufllng 

Tlio above prmciplos arc apphcoblo to all wounds there are however 
some rules which opply onh to foot mjunos and thtso arc foimded upon 
the ph\ siologj of the foot 



THE FOOT AS A WEIGHT BEABHO ETBOCTUEE PHINCIPLES tlPOH WHICH 
TSEATKEirr 18 FDITIIDED 


In rtamlioj the body 
b<el and fum part of the foot 


baHnml upon lb* a?tr*galir> ajul from tbrre tranaferml to tbr 
. .. >- hirirti abor^ 


, . - Appcx»iiiBatoIr hair of tho atandiny 

&a^enr<l to tbo hod and of tbe rcmatmng half tbr rrrater part h taten by tho £Lr«t loetataraal 
bead and tho iwt by tbo outer four motatanabi. eacn of which 1 In contact with tbe groaod. 
shoio of the fore f*rt of the foot wrm to tbe La^ opoo a hieh the bodr la balanmJ 

ahefc body aefcht fallinn upon these area requires the i w ra e m e of a rijtkl ayatem coCMetlnff 
Vbearljtht iMrinu aoriacea to the aatracahia. TUa la prorfdea by tbe peculiar hapc of tbe tarvd 
b«w ahkh ricidJy loci togetber Into a aratem of arcbea, tbe loci being malntalwd by tbe podtlon 
^tne bgii^ta and the poatural tone of tho moaclea. Tho ajuaelea do not in anr aen^ aitpmrt 
haWte tbe aejght npon the archea Tbe ier of the arch i>ftem and of tbe 
of the arirtt bearinf foot la the mid tmr»l Jntnt 
The flrwt rigid foot of atatlr a right-bearing ebAngni to a mobUr appemlaBr during kMcnottoo 
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Tlie bocly-^\ eight is levered bj' the pull of the calf muscles on to the metatarsal heads, and during 
this action there is considerable dorsiflevion of the toes at the motatarso phalangeal jomts Move 
ments also occur at the tarsal joints, but -walking can bo performed comfortably and -well ivith the 
whole tarsus ngid, provided the mOtatarso-phalangeal joints arc free The essentials, therefore, for 
a useful foot are stability of the tarsus and mobility at the motatarso phalangeal jomts 

From a consideration of these facts it becomes clear that in injuries of the foot treatment must 
be designed to preserve, as far as possible, the normal weight-bearing areas, the stabihty of the tarsus 
and the mobihty of the motatarso-phalangeal joints 


Preservation of function is a cardinal consideration — The weight-bearing 
aieas are of importance m this order the heel, the first metatarsal and the 

outer fom metatarsals Loss of any two of these areas 
IS incompatible with painless weight-bearmg and is 
therefore an indication for amputation Loss of one 
of the two major areas, the heel or the first metatarsal, 
will 111 all jirobabihty lead to a painful foot and may 
require amputation m order to give the maximum 
function (Fig 721) 

The rigid system of the mid-taisal area must he 
preserved, for mobihty of this region is not necessar}^ 
for walkmg, and stability is essential if weight-bearmg 
IS to be painless Therefore, mid-tarsal injuries leadmg 
to jomt destruction are often best treated by late mid- 
tarsal arthrodesis, thus exchangmg the natural lock of 
bone surfaces for the artificial lock of bony ankylosis 
The mobihty of the metatarso-phalangeal area 
must be preserved, particularly of the first metatarso- 
phalangeal jomt, otherwise the leverage action of 
walking will be impossible The toes are of decreasing 
importance from the great toe outwards 

Careful attention -to these general prmciples wdl 
simplify treatment considerably , for example, the 
amputations of Lisfranc and Chopart have no place m 
the treatment of foot mjuries, for they violate the first 
principle, that at least two of the weight-bearmg 
areas must be mtact for painless weight-bearing If 
amputation is considered necessar}^ then, except foi 
amputation of the toes, the whole foot must be removed either by 
Sjune’s amputation or bj’' amputation at the site of election m the leg 



The w eight is distnbutcd 
from the astragalus to 
areas 1, 2 and 3 Loss 
of any tw o of these 
IS an indica-tion for 
amputation 


WOUNDS IN VARIOUS PARTS OF THE FOOT 

Wounds of the toes — Wounds of the toes almost always result in com- 
pound fractures of one or more phalanges The great toe is of immense 
importance for the satisfactory fimctionmg of the foot, and therefore every 
effort must be made to preserve it , indeed, the great toe is of more 
importance than aU the other toes put together Movement at the 
metatarso-phalangeal joints is also of great importance, as, with ankylosis 
of these jomts, painless walkmg is impossible Treatment must therefore 
be designed to preserve as much as possible of the great toe and the mobdity 
of the metatarso-phalangeal joints Loss of mobihty of the mterphalangeal 
joints IS of little consequence , indeed, ankylosis of these joints is not 
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foUowed b> anv di8abllIt^ Compound fmctures of the dUtal or pronmal 
phalanges must bo treated bv imniodiato excision of the ivound and suturo 
if possible fol]owe<l br elcmtion of the foot until the wound is 
healed Then a collodion gauze dressing or strapping is appbed 
and iveight bearing allowed in a boot with the toe^p cut out 
and a metatarBat liar screwed to the sole (Fig 722) Extensire 
damage to the metatarso phalangeal joint of 
the great too frequoutlv prodticea a severe 
degree of hallux ngidus Resection of the 
liase of the proximal phalanx then becomes 
noceasar} (Keller a operation) The results ^ 

of this operation are \eiy good provided “ ^ 
sufReiont of the phalanx is removed — at least kJc 

half should be resected and the divided end bfhiod tv 
smoothed off cnrt5fuH\ (Fig 723) 

Severe damage to the toes except the bw*. 
first ja best treated bi amputation at the 
nietatarso phalangeal joints These cases are frequently 
complicated b\ injury to the metatarsal heads often 
With ortonsivo loss of skin The aJon of the damaged 
toes can often l>e prosonxd and used as flaps to cover 
denudorl areas in the region of tJie metatarsal Jieads 
Tliia IS an extremeU valuable procedure as it froquentb 
enables the whole metatarsal region to be preserved 
and covered with skin at the primary operation 
■\rore formal amputation of the toes at the metataiso- 
Fto, 7J3 phalangeal joint Is earned out with a large plantar flap 

SLefctoa of tV fixrt MeUtajialf — Compound fractures of the metatarsals 

the wwart of produced b^ projooldles are often aieociated with gross 
bow rrmoTfd In KrfW'i t .. i * j i r. vm ^ 

oimtJofu fragmentation and excessive loss of tissue uTion pro 

duced crush injones considerable displacement ma) 
occur and tlio mjurv is frequently associated with swelling of the whole 
foot Excessive damage of tlus typo may render precanous the blood supply 
of the distal part of the foot and toes and m these mjones the circulation of 
the toes must be watched most carefollv 

Displacement in metatarsal fracturee must be corrocted especially in the 
first metatarsal and m fractures of the metatarsal heads, as persistent dis 
placement froqoentb leads to pain on weight beanng Great care must be 
taken m choosing tlie tune for reductron aa if powerful traction and tight 
plasters are applied to a greatly swollen foot with doubtful circulation 
gangrene is hlcelv to supervene For this reason it is inadvisable to attempt 
of the displacement nntil the swelling has subsided for not onlj 
M there danger of oirculatorj disturbances but accurate fixation of the 
^efuree is impottsihie m a greath awoUen foot The usual excision u 
therefore corned out the fractures mampulated into as good position as 
powble and the foot immobilized m a plaster cast which is immediately 
split tlwughottt its whole length Tlie whole limb is then elevated on pfllows 
or a Brauns frame When swelling has snbsided^-usually after about 
•oven da-VB— and all danger to the ciroulation is passed the displacement 
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IS reduced by powerful traction upon the toes and the position niaintamed 
by fixation m a non-padded cast well moulded to the arch of the foot and 
supporting the plantar surface of the toes 

Displacements which tend to recur, or cases m which there has been 
considerable loss of tissue, can be maintained m position by continuous 
traction by means of a stainless-steel stirrup passed through the pulp of the 
toe and fixed by tapes to a banjo splint incoiporated in the plaster This 
traction is maintained for three weeks, after which a new moulded cast 
is apphed and weight-bearing allowed Fractures of the metatarsals are 
immobilized for six to eight weeks in all, and after removal of the plaster 
it IS advisable to fit an arch support for four to six months 

Dislocation of one or more metatarsals at the tarso -metatarsal joint may 
occur Immediate reduction is effected by strong screw traction applied 
through stirrups passed through the pulps of the toes, counter- traction being 
maintained by an os calcis pin The cast must be immediately split, for 
there is considerable danger to the circulation Immediate reduction is 
necessar}'^ in this injury as any considerable delay may result m great 
difficulty in subsequent reduction Fixation is maintained for eight weeks 
in a non-padded cast, walking being allowed after two to three weeks 
, Tarsal bones — Penetratmg wounds of the tarsal region frequently cause 
extensive commmution of the bones, after which restoration of the normal 
anatomy is impossible In these eases the object must be to restore the 
shape of the foot as far as possible, bearing m mind that rigidity of the 
tarsus IS essential for proper weight-bearing If the loss of tissue is so great 
that restoration of stability of the tarsus is impossible, or if, as is frequently 
the case, the circulation of the distal part of the foot is impaired, then 
amputation at the correct level is the best treatment 

Severe crush injuries to the tarsus are also frequently complicated by 
such damage to the blood vessels that gangrene is inevitable , here also, 
amputation is the correct treatment 

In penetratmg and crush injuries not comphcated by severe vascular 
damage, the wound is treated on general hues and the tarsus then moulded 
into shape as far as possible and a plaster apphed The cast is immediately 
split throughout the whole length and the hmb elevated on a Braun’s frame 
After fourteen days, when the swellmg has subsided, further moulding is 
carried out and a new cast apphed, accurately fittmg the foot This cast is 
kept on for four months, weight-hearing being allowed after four weeks 
Before the cast is finally discarded, X-ray evidence of sound union of the 
fragments must be obtamed 

Often, however, in spite of this treatment, the foot remams weak and 
unstable, the arch flattenmg and the foot fallmg into severe valgus position, 
resulting in pain and swelhng on weight-bearing Carefully fitted arch 
supports and strong, well-designed shoes may do much to alleviate the 
disability, as also may the wearing of an outside iron and mside T-strap, 
but should these measures fad, operative arthrodesis of the affected joints 
should be performed Naughton Dunn’s operation of mid-tarsal and sub- 
astragaloid arthrodesis with backward displacement of the foot, or some 
modification of this to suit the individual case, is the operation of choice 
Cases in which there has been much bone destruction cannot be given a stable 
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foot by any of these nieana, and amputation ia then the beet treatment 
I have frequently bnd patients oak for amputation after prolonged con 
servatiie treatment whioh nhilst saving the foot had faded to restore 
gtabilitv m the tarsal region 

Less severe injonoa to the tarsus consist of fractuiea and fraotnre 
dislocntions of isolated tarsal bones 

Scaphoid, cuboid and cunellorma — Displacement m these bones must be 
corrected as far os posaiblo for stabilitj of this region is essential for pamless 
weight bearing Reduction is efFeoted by powerful traction and moulding 
Traction is obtamed by similar mothods to those used for the metatarsals 
and the same precautions against swelling must be observed — that is the 
cast must be spht and the hmb elevated A new moulded plaster is apphed 
after tliree weeks and the cast retauiod for ten to twelve weeks in all 
weight bearing being allowed after four weeks 

Aitrtftloi — Injunea to this bone are serious for its artioulafaons viz 


the ankle-joint the subaatnigakud joint and 
the mid torsal joint are particularly im 
portant Arthnhs of any of these joints 
the result of malalignment of fraotnres of 
the astragalus aenously disturbs the functions 
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Pooi kfUr utT«gmIectocny Mtrag«lcM hu] bwm tom 
oot throng a l^:CTat«d voimd, tbe Mr ot Thkb c«n b« 
■ren over tlio enter maBnoha. 


Foot ifter utrugilectomy Tlw- bow 
pre^nding throngfa. * motind on 
the iniieT border of the fooC 


of the foot by interfermg not only witli tho atablhty of the foot bnt also with 
the mobihty of the ankle-jomt 

« bwt treated by astragalootomy 
with iMckward displacement of the foot This operation fnves surpnsiiiKly 
gotrf fimcbonal reunite (Kgs 724 and 72S) and is certamly preferable to a 
loot with, ertenave arthritis of the astragaloid jomts 

In demotion of the head of the aatragalus alone after healing la obtained 
' may be earned out with good prospects of sonud function 

of the astragalns without gross deetruction shonld be 

obtained before & ^ ‘"“8 

8l A 
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IS reduced Ijy powerful ti action upon the toes and tlie position maintained 
by fixation in a non-padded cast well moulded to the aicli of the foot and 
supporting the plantar surface of the toes 

Displacements which tend to recui, oi cases in which there has been 
considerable loss of tissue, can be maintained in position by continuous 
traction by means of a stainless-steel stiriup passed tliiough the pulj) of the 
toe and fixed by tapes to a banjo splint incoiporated m the plastei This 
traction is maintained for three Aveeks, aftei which a new moulded cast 
IS apphed and weight-bearing allowed Fractures of the metatarsals are 
immobilized foi six to eight weeks in all, and aftei lemova] of the plaster 
it IS advisable to fit an arch support for four to six months 

Dislocation of one oi more metatamals at the tarso-metatamal joint may 
occur Immediate reduction is effected by strong sciew traction applied 
through stirrups passed through the pulps of the toes, counter- ti action being 
maintained by an os calcis pin The cast must be immediately split, for 
there is consideiable danger to the circulation Immediate reduction is 
necessar}^ m this injur}'^ as any consideiable delay may result m great 
difficulty m subsequent reduction Fixation is maintained for eight Aveeks 
m a non-padded cast, walking being alloAved after two to three AVeelcs 

Tarsal bones — Penetrating Avounds of the tarsal region frequently cause 
extensive comminution of the bones, after Avhich restoration of the normal 
anatomy is impossible In these cases the object must be to restore the 
shape of the foot as far as possible, bearing m mind that iigidity of the 
tarsus is essential for proper weight-bearing If the loss of tissue is so great 
that restoration of stability of the taisus is impossible, or if, as is frequently 
the case, the circulation of the distal part of the foot is impaired, then 
amputation at the correct level is the best treatment 

Seveie crush injunes to the tarsus are also frequently complicated bj'’ 
such damage to the blood vessels that gangiene is inevitable heie also, 
amputation is the correct treatment 

In penetrating and crush injuries not complicated by seveie vascular 
damage, the Avound is treated on general lines and the tarsus then moulded 
into shape as far as possible and a plaster apphed The cast is immediatel}’’ 
spht throughout the Avhole length and the limb elevated on a Braun’s frame 
After fourteen days, Avhen the sAvellmg has subsided, further moulding is 
carried out and a ncAv cast apphed, accurately fitting the foot This cast is 
kept on for four months, Aveight-bearing being allowed after four Aveeks 
Before the cast is finally discarded. X-ray evidence of sound union of the 
fragments must be obtained 

Often, hoAvever, in spite of this treatment, the foot lemams Aveak and 
unstable, the arch flattenmg and the foot falling into severe valgus position, 
resulting in pain and SAvelhng on Aveight-bearmg Carefully fitted arch 
supjiorts and strong, Avell-designed shoes may do much to alloAoato the 
disability, as also may the AA'^earing of an outside iron and inside T-strap, 
but should these measures fail, operative arthrodesis of the affected jomts 
should be performed Naughton Dunn’s operation of mid-tarsal and suh- 
astragaloid arthiodesis Avith backAvard displacement of the foot, or some 
modification of this to suit the individual case, is the operation of choice 
Cases in Avhich there has been much bone destruction cannot be given a stable 
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foot by any of these means and amputation is then the heefc treatment 
I have frequently had patient* oak for amputaUon after prolonged con 
nervative treatment which wlnlst aaving the foot had faded to restore 
Btabditr m the tarsal region 

Less severe injnriea to the taniua consist of fractures and fracture 
dislocations of isolated tarsal bones 

Scaphoid, cuboid and cnncUonaj — Displacement m these bonee most be 
corrected as fat as possible for stability of this region is essential for painless 
weight bearing Redaction is effected by powerful traction and monldmg 
Traction is obtained by similar methods to those used for the metatarsals 
and the same precautions against awelbng must be observed — that is the 
cast must be spht and the limb elevated A new moulded plaster is apphed 
after three n'eeks and the cast retained for ten to twelve weeks in all 
weight bearing being allowed after foor weeks 

Attrualtu — Iu]une« to this bone are aenous for its articulations ns 
the ankle-jomt the snbastragaloid joint and 
the mid tarsal joint are particularly im m 
portant Arthntis of an^ of these joints ■ 
the result of malalignment of fractures of ■ 
the astragalus senouslv disturbs the functions I 
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OTrt.tiiiOTglj»l»eti»tediTOand,tbepc»rof whld. CM b*. pcotrofliig thrwffli » bouDd o« 

•CM OTCI the outer mJleolm. ,1, inuVtoriMrf the tool 

of the foot bj interfenog not onij with the stability of the foot but sbw with 
the mobility of the amkle-jouit 

deetmotion of the mitragaln* je best treated by aatraealectomv 
with taokward duplacement of the foot Thie operation give. snrpnauiKiT 

certainly preferable to a 

foot with extensive arthritis of the astragaloid joints 

fa deatmotioa of the head of the aatragalus alone after heahnR a obtained 
° may be earned out with good proapeotj of sound function 
hractnrffl of the aatramlua without grew deatruotion should be 
fateo months X rav ortdence of union beinu 
obtained before fixation is finally discarded ^ 
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Subastiagalojd dislocation of the foot either medially or laterally, with 
-or without fracture of the astragalus, occasionally occurs ''J’he medial 
dislocations are easily reduced by traction with the knee flexed The lateral 
dislocations may be more difficult , open reduction is sometimes necessary, 
as the tendons on the inner side become displaced round the neck of the 
astragalus, and present an insuperable barrier to manipulative reduction 
When reduction has been effected, the foot is immobilized in plaster for 
eight weeks The results are good provided accurate reduction has been 
ebtained 

Os calcis — Comminuted fractures of the os calcis with extensive bone 



Fxo 720 

I oot afU r loFs of almost ihf whole oh calejH 
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X-r-iy of fa-jc iJIublratod aho\c 


<]estructJon are extiemely serious 'J'he loss of one of the mam weight- 
bearing bones frequently results m a painful, useless foot, though occasionally, 
m spite of loss of bone, a good weight-bearing foot is obtained (Figs 720 and 727) 
This IS more likely if the subastragaloid joint has been spared, as in mjuiies 
ef the tuberositj'^ (Figs 728) Involvement of the subastragaloid joint usually 
results m a severe aii^hritis which is extremely painful In cases of compound 
fracture, after routine treatment of the wound the os calcis is moulded into 
os good a position as possible b^ manipulation and a plaster applied. After 
horilmg of the wound has been obtained, subsequent treatment must be 
jguided b}’^ study of good X-rays taken m the lateral (Fig 729) and dorsi- 
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plantar plnncfl If the displaceraeot 
enn be redneed b\ the standard 
screw traction method (BOhler) this 
IS catTie<l out but should the mib 
astragnloid joint be severely involved 
os 18 nlwnvB the caao with extensive 
comminution of the bod\ of the 
Iwne then arthrodesis of the sub 
ftstragaloid and mid tarsal joints 
gives the l>est chance of a satis 
fnctorv result 

Simple fractures of the os calcis 
sustained by falls from a height or 
blows upon the heels are treated bv 
tlio standard methods of reduction 



(BOhler atson-jones) but here Foot after low of the tuberomty of the o* c*Jciiu 
also if the jointa are involved The p.ti«t u the » bole weight 

subseqnent mid tarsal and sub 
aatragaloid arthrodesis are often 


necessary 

IKTECTED WOtreDS OP THE PEET 
Many wounds of the feet arc 
first seen long after that x»nod 
in which pnmarj oiclslon can bo 
carried out witii prospect of sue 
cess moreover even in favourable 



cases erappxmition m/lV follow X i»t of cw fth^nted sbcFre 

primary excision In any case 

free dmmage of the fasoial spaces of the foot must bo obtained im 
mediately There are three mam fascial spaces m the sole — a medial a 
lateral and a central — and as m the hand suppuration remains confinetl to 


/ 



ruax warr BBffv ooADpijjrr 


Fm “30 
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these for some time The medial and lateral spaces communicate round the 
sides of the foot with the dorsal fascial space whilst the central compartment 
divided into four sections bv the muscular laj-ers of the sole (Fig 7t0) 
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coinmiinicates tliiough the inter-jnetatarsal spaces wjtJi the dorsum. Any 
or all of tliese spaces (Fjg 7.*}]) may become infected m penetrating injuries, 

CENTRAL 
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SUBAPON 
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TrajiBvei'SO Bcction through tlio middlo of tho jnetainmnh, nJiowing fascial apaces 
Tlio lino for opening tlio lateral, medial and central Rpaces ih rIiowii, Note 
jmrticularly that tho four central npaccH can lx* o/ioncd by tlio flame niciHion if 
tho faflcial Hoptum ih penetrated (/) f/cr Orodinnkv ) 

and the infection in all cases will tend to spread cithci to the latcial bordci 
of the foot or to tlie dorsum, or both 

Involvement of tendon sheaths in tlie sole is not nearly so nniiortant ns 

in the Jiand, for tho fine 
movements of the fingers, 
lost aftei sujijiurativo teno- 
synovitis of the palm and 
resulting in sevoie loss of 
function, cannot ho coin- 
jiaied tvith similar loss m 
the toes, wheic no fine 
movements are nccessaiy 
foj satisfactojy function 
Infection in the bones 
of the feet follo’wing com- 
pound fiactuies IS usually 
extensive The close piox- 
imity of the bones and 
tboii joints often leads to a 
rapid sjiroad of infoctioii, 
and in tlicso cases, as m all 
oilicis, adequate drainage 
IS tlie best safeguard against 
sjircad of infection 

The necessary incisions foi diainagc in infection of tlic sole are best made 
with safety at the lateral and medial boi’ders of the foot, foi not only is 
adequate drainage obtained (Fig 7.‘J2) but tlie subsequent scai is away from 



A, Lino of inciHion for drainage of botli ilio medial 
plantar and tho central plantar HurfaccB 
n. Line of imiflion for drainagi of tho lateral upaco 
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weight bennng areaa Frequently however sufficient dmnage can be 
obtained through the original wound Infection m the sole should never be 
drained through the dorsum between the nietatartals (Hauser) 

After providing free drainage for all infected areas the wounds are pacLed 
hghtly with vasohned gauze and a plaster applied the cast being iminediatelv 
spirt and the limb elevated on pillows or a frame Fixation m a plaster or 
splmt la most important os otherwise severe contTactuies mfl\ occur resulting 
in considerable defonmti of the foot most difficult or even impossible to 
overcome 

The Bulphoruumde drugs should ahrays be given as prophvlans against 
infection In wounds and should be given m maximum dosage in all cases 
of estabhshed infection 

In the pre se nce of infection attempts at reparative surgerv or reduction 
of displaced fractures should not be made for the additional trauma will 
inevitably lead to spread of the Infection possibfr wrtb disastrous results 
When infection has supervened in cases where the fracture has alreadv been 
reduced then every effort must be made to malntam the position for 
continued immobihxation is of benefit both to the fracture and the infection 
Therefore provided adequate drainage can be estabhshed fixation should 
be raaintamed This ideal however is freqoentiv impossible m the foot 

LOSS OP TISSUE METHODS OP REPAIB 
Loss of sWm is a frequent difficulty esperoally when occnmng on the 
sole If large wounds of the sole heal bi granulation, the subsequent scars 
are often so tender as to be disabling wlwreas scars of the dorsum lareh 
give nse to such difficulties Wounds of the sole should therefore if possible 
be covered by flaps turned from the side or dorsum of the foot b\ relaxing 
incisions Snbsequentlv tlio denuded areas thus formed can be covered b\ 
skiD grafting 

Skin grafting to the weight bearing areas must be with full thickneas 
grafts either free or pedided from the opposite thigh The grafts must bo 
out with care to suit each individual case As previously mentioned 
damaged skin on the distal part of the foot can often be replaced by that 
saved from mjurod toes and surprisingly large areas can he covered bv tlii^ 
expedient 

APTEB-TKEATMEHT U WOUHD8 OF TTTR FEET 
The treatment of the more severe tarsal and metatarsal mjanes involves 
fixation m plaster for a number of weeks As a result of this fixation and 
of the mjuiT there is some muscular wasting and a tendenev to owlema of 
the foot and leg when the plaster is removed Both the muscle wasting and 
the cedema can be minimized by walking in the plaster thcrebv exercising 
the calf muscles during the period of immobilization This exercise is 
however not sufficient to mamtam full muscle tone and in severe injuries 
walkmg IS only possible for a part of the period of immobilization 

The oedematous swelling which ocoura after removal of the plaster mai 
be very disabling for although it a not utuallr associated with much pain 
^e increased sue of the Toot makes it impossible to wear a sahsfactorv shoe 
Thb swelling can bo prevented hr the application of an Innas paste 




















WOUNDS OF THE FOOT 


745 


Here nn outside irou slotted into the heel, with an 
insido T ftmp together vntb an arch support (Fig 737) 
must be fitted to the shoo and worn for three months 
after which the arch support iWII bo nocessaty for a 
further sis: montlu 

Tlicso precautions against siroUiog and foot strain 
should never be neglected for with tha foot properly 
supported in a satisfncton position the oxoroiso obtained 
by walking will restore luusclo power with groat rapidity 
whereas if the foot is allowed to assumo a valgus 
defomuty, pain and wasting will persist m spite of 
massage and exercises and may oventunlh result In a 
painful ngid fiat foot 

After injuries involving the soft tissues of the solo 
tendemesa on walking is sometimes orpcnoncod A 
soft felt m sole fitted in the shoe usually gives con 
sidorable relief It should be woni until the tondomcas 
disappears 
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Fig 733 

Unna’s paste drcssuig 
aftei any ijrolonged or acute 
illness In ordei to avoid this 
complication, boots oi shoes 
must be woin which hold the 
foot in a 1101 mal position and 
thereby prevent both eversion 
of the heel and flattening of the 
aich 

Aftei the less seveie m- 
junes, all that is necessary is a 
firm shoe or boot fitted with a 
Thomas’ heel which supports 
the shank of the shoe and tilts 
the heel into the normal posi- 
tion (Figs 734 and 735) This 
should be worn foi foui to six 
months 

In moie seveie cases a 


dressing to the foot and leg (Fig 733) im- 
mediately after lemoval of the cast The 
dressing must extend from the base of the 
toes to the tuberosity of the tibia, thus 
forming an elastic stocking which, by its 
firm support of the soft tissues, prevents 
oedema This should be kept on for six 
weeks, or longer if the tendency to sw'eUing 
persists, being discarded only when theie is 
no sensation of tightness aftei prolonged 
periods of standing or wallong If the 
dressing becomes w^oin oi duty it should be 
removed and leplaced 

The loss of muscle strength and tone 
duiing immobilization frequent^ results in 
a painful foot strain, with eversion of the 
heel and flattening of the longitudmal arch 
when normal weight-bearing is resumed 
This foot strain is exactly similai to that 
which occurs on lesummg weight-bearmg 
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Shoo n ith TJiomns’ lieel 


Fig 735 

Slice int Ji Tliomas' 
heel and inside 
lift to the solo 
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Arch supports The small support is made of rubber and 
stuck m the shoe The largo support is of leather with a 
rubber pad and slips into the shoe 


propel ]y moulded arcli sup- 
port made eithei of firm 
sorbo rubber or of metal 
covered Avith leather (Fig 
736), should be fitted inside 
the shoe and w^oin foi about 
SIX months 

Occasionally the valgus 
position is so severe that 
these appliances are not 
sufficient to control the foot 
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CHAPTER LXMII 


AMPUTATIONS 


A Is amputation rendered necessnrs bs mut injiunw ma\ be nn cntireh 
different proposition to n planned operation for discaiw in tinieft of 
Lpeaoo BuUetfi bombs slieUa torpe<loes and mines hove no respect 
for anatom} and the surgeon is faced \nth problems rertninng prompt! 
tude onginabty and skill As a bams for mo<lifie<i and ex tetiijiore emergence 
jm>cedurea !reU knoivn ts-pca of amputation will bo outbne<l in this chapter 
A golden mlo is that too low on amputation can be remcdietl too high 
removal of a limb is bevond repair 


FUNDAMEHTAL FBIHCIFLES 

Should prior coniideration be given to itereotyped prostheMa? — ^Tbe 
surgeon must have an eye to the firturo and strive nsnallv by a conservntivc 
route to pilot the patient to the goal of maximum function Regard for 
the dictate* of the Umb maker Is all to the good and co-operative work is 
essential for snocess On the other hand surgeons must avoid a maw 
production mentahti when engaged in the manufacture of stumps 

bUadudkrd ftod rwflr prodxicrd pratbean nott rrmTv couidrrktkKi but vtaemM not 
pnjadln tbe mvewi ptdpmnt tmdoljr lo deddliig kt vh^t lerrl to maovr » Umb TV imsIm* 
«uootbe«Uff«ft ho5pit4l for tbe UmbZnauicI for tbenippljr of utlflrial llmba ukI «u • mnnbor 
of tbe joint (ommittee of l u r y e ow rod Umb-nwVm dario£ umI ancr tbe 10I4*16 He ramr 

(0 the eonchf^fen that tbe imptititlon leTrl faronml by tbe Umb-rntLere Here not alrtT* tbo*e 
«biefa prorldetl iptTtmgm fanctian. Tbe majaHty of «ar Tictlnu w rigoroni jeronx edaht. In 
three p*t(enla ■tenspt. fbr from klml u ptdfrd br om*] tteodAnK mn> fanrtloo in an exrmpiarT 
manner 

In aar time lUBb-makera. bke otbera. pottJng pride before profit, can by Inpr cnltv twI can 
mercome tbe difflordttea of fitting an anorthodox atomp. FTtimlie irbo aaa a forano't anthority 
on ampntatkiiu, aewnded oactfal n amlnga at tbe temliialkn of the laxt Tar He wrote ronvindngly 
cc the fallaciea of hido-bemnd teaching tn coooretiaQ with aeata of dectirm." Thh aamJntt wa* 
echoed in 19J8 br Oppenbeimer a bo aaid i “Uany ampnteta rriit with H— rw. uiifch h of raloe to 
tbem but a prohfcm to tbe bmee-maker Thai b no reaw» why tbrne aboald be aaerifleed ” Tbe 
artiele coea on to »y that there are manr way* of orereoming tbeae dil^Wea t double aoeketa, 
dcwWekfirta, band made hracea, mouMed compodtlon parta. and comUnatir* adght bearinp ” 

Tlie old general rule of sacrificing ne httio of the lunb nn pownble still 
bolds good witli a foTt notable exceptions 

When UgBtuxe In continuity above the site ol proposed amputation lx 
necessary — In most cases it is better to hgute both the artery and the vem 
the vem is omitted only if a good collateral circulation is estabhflhwl already 
When feasible resection of a small segment of the orterv is better tlmn simple 
ligature br resection the penartennl e^^npethetlo fibres are extirpated 
and this extirpation favours transient dilatation of the collateral artenal 
branches below 
83 
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Deilinf with large nerve* — Tlio question of how to tlcnl with dinded 
nerves is still unsettled Thq writer puDe them down gcntlv nnd injects 
a local anrwthetic above before crushing and ligature One of the best local 
RUfBBthetic* with prolonged action is well hcatod proctocaui Forcible 
dragging on largo nerve trunks is condoiuncd It Is beheved bi some that the 
crushing nnd hgaturo designed to prevent tlio notoiis spread of axis oyhudcrs 
IS not justified and that the nerves do best when they are left alone after their 
simple division The niajonty of surgeons fa\our shortening of nerves nnd 
this has been earned out o\ er a penod of raan^ \*cnr8 in all parts of the world 
intb satisfacton results 

Drainage — In badl^ infected cases the «x>und after amputation should 
be left wide open AFnny clean cases can be closed without drainage if 
htemostaslfl is satisfactory 

Dreningi — A large gnuxo dreswmg covered by several siiponmposed thm 
lajers of wool is held In place with an elastoplnst bandage The latter is 
applied tiglith over the 
wool The entire stump 
IS then cncirtled with 
plaster of Pans bandages 

PUiter o! Parli — 

Cunously enough m these 
dava of onthusiasin for the 
plaster of Pans immo 
bihoation of limbs little 
has been said about its 
advantages wlion applied 
to the stump immediately 
following amputation Tlie 
wnter emplo^'B it as a 
routine The patient feels 
a sense of comfort and 
protection winch no other dressing or appliance supplies A plaster cast 
appears to lessen phantom pains and it pre\'onts flexion of the joint 
above The mere weight of the plaster id nmjiutationa at or below the 
middle of tlie thigh prevents thot tilting forward of the stump which later 
IS such an ombarrassmont to the fitter of the artificial limb Furthermore 
immediate encasement encourages shnnkage and the stump is hiuned to its 
final state Except m high amputations of the thigh it is unnecessary to 
include the pelvis and hip-joint in the plaster (Fig 740) Ooxing of blood 
through the plaster is seldom an indication for its removal In amputations 
of the leg inclusion of the knee for the first week or ten daj's is desirable 
Flexion of tlie knee followmg theeo amputations may be a very troublesome 
compheation It is prevent^ bj plaster fixation 

When the stitches are removed a akm tight plaster should be applied 
to the stump but not to the jomt above if this can be avoided. Eorlv 
movement of this jomt is most desirable 

By immediate encasement but eoriy removal of the plaster the stump 
w burned through the stage of slinnkage to its final state of muscular 
development and free joint movement 

S3 A 
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Preferable sites for the cutaneous sear — A teiminal scar is satisfactoiy 
in tlie upper extieiiiity A posteiioi seai is moie favouiable in the loivei 
extiemity TJieie is little oi no end thrust hi ought to beai ujion an uppei 
extieiiiity stump, Avlule in the lowei limb there is usually some pressuie 
on the end and lateial pressme is at a minimum When walkmg, the 
appliance has to be lifted forwaid, this brings some pressure and friction on 
the front of the stump, hence the desirability of a posteiioi scai If the shin 
flaps have been made too long in the fiist instance, the}*^ should be trimiiierl 
until they fit snugty Loose tissue peisists moie than is generally realized 
Division of muscles — Coveimg the ends of divided bone mth muscle, 
excejit in the case of the thigh is seldom necessary or desirable Muscle so 
placed soon becomes fibrous tissue and sometimes becomes adliei’ent to 

the bone end On the other hand, 



reti action of the muscle far be3'^ond 
the level of bone division is un- 
desuable Such reti action niaj' 
lesult 111 a long conical stump 
It is sometimes possible to raise 



Fio 738 
Dicbor’s retractor 


Eio 730 

The Newcastle t^pc of thigli 
amputation retractor 


flaps of deep fascia and to stitch these ovei the bone ends and so pi event 
excessive leti action of the general musculai mass 

Sectioning the bone — Reflecting peiiosteum up oi down is unuecessaii^ , 
it is divided in ciicular fashion at the level of bone section Clean tiansveise 
section of the bone is made with a sharp saw The soft tissues must be 
retracted during this division Two excellent types of retractoi aie shown 
in Figs 73S and 739 

“ Tlie Xc« castle pattern of retractor consists of two conca\ o com e\ oblongs of ^ m thick 
sheet copper hinged by a brass screw In the centre of a free edge of each oblong is a half circle 
aperture Each oblong measures 111 m long by 2^ in wide, while tho complete gap when the two 
sections arc approximated makes a circle of 1 in diameter Near tho aperture edge of each portion 
is a hole to take a small brass bolt screw and cap , this forms a loose lunge for the retractor 
(Professor AViIIan) 

A file IS used to smooth the bone end At all times the soft tissues must 
be inotected from bone dust , this is accomplished automaticall}'^ bv 
emplo^nng a letractor of the type indicated The cut end of the bone should 
not be coveied with periosteum Bj'' taking these piecautions the formation 
of luegular bony spins may be avoided 
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AMHTTATIOK THEOUGH THE TJPPEE AHJt 


In these amputations the aim ahotild be to cover tlie stump with skin alone 
The length of the normal humerus m an adult avornges about 12 in 
The seat of election for bone di\TBion is 
usually given as the junction of the lower 
with the middle third In other words the 
aim should be to save 8 m of the shaft 
The measurement is made from the tip of 
the acromion It has been found however 
that division at a lower level t e 2 or 3 m 
above the elbow joint instead of 4 has some 
advantages It cames the proethesia cqtiallv 
^ell and there is increased lovcmgo and 
strength 

Position — The arm is abducted alien 
making the anterior incision and held 
verticallv or drawn across the chest for the 
Xiostcnor Incision 

Operation— Two small skm flaps are 
fashioned one in firont and the other boliind 
(Fig 742) If tho amputation level is too 
high for the application of a toumlquot the 
Teasels and nerves ore ovposed and dealt with through a short vortical 





liicWcvt for unpDtsticn throoph the 
Bppw WTO. 
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THE UPPER LIMB 

AMPUTATION AT THE SHOULDER-JOINT 

If the head of the humerus is preserved, flattening of the shoulder and 
pi ejection of the acromion are avoided If two or three inches of the shaft 
can be saved, the work of the artificial limb-maker is made less difficult 
Four mches of bone is the mmimum for a stump of functional value If 
less than this, the prosthesis is purely ornamental 

To control haemorrhage the best plan is to expose and hgature the vessels 

as the amputation proceeds If in difficulties, 
pressure on the subclavian artery agamst the 
first rib may be applied by an assistant In 
applymg pressure the fingers may become 
tired and a large padded ke}*^ handle or 
similar device should be at hand In ex- 
ceptional cases preliminary ligature of the 
subclavian artery may be required 

Position — ^The arm is held abducted and 
rotated outwards 

Operation — The incision is made from 
the coracoid process downwards as far as 
the lower limit of the anterior fold of the 
axilla Skin and fascia are divided and the 
incision carried outwards, over the deltoid 
to the posterior axillary fold It is then 
continued inwards and forwards m circular 
fashion to meet the original vertical mcision 
(Fig 741) The mner flap of skin and fascia 
IS reflected and the broad tendon of the 
pectorahs major muscle exposed The fingei 
IS passed under the muscle and the tendon 
divided At this stage httle or no bleedmg 
IS encountered The pectorahs minor muscle 
is divided near its attachment to the coracoid 
process The axiUary vessels and nerves 
are located, hgatured and divided at a 
lugh level Injection of the nerves with 
a local anaisthetic is a simple procedure 
in tins situation The external skin flap 
IS now raised and the deltoid is severed to the bone The muscle and 
skui flap thus formed can be lifted from the humerus Without using the 
edge of the knife The joint is now exposed The muscles attached to the 
tuberosities are divided The supraspmatus, infraspinatus and teies minor 
are rendered tense by rotating the humerus inwards, and the subscapulans 
tendon is divided during external rotation Both heads of the biceps are 
severed m front of the joint The capsule is incised and the head of the 
humerus is dislocated fonvards When possible, the head of the bone is 
left in sihi, the humerus being dmded at the level of the anatomical neck 
For division of the bone an electric saw or a Gigli’s saw is recommended 



Incision for amputation at tlio 
shoulder-jomt 
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upper portion is at tlio level of bone division the lower at a distance 
from the upper equal to the anteropostenor diameter of the limb After 
division of the muscles in circular fashion (Fig 7J0) tho pomt of the knife 
IS entered between tho two bones to divide the interosseous membrane 



Fw "10 

TnuMTerae aaeUas throosh th# fon«nxu 


Both bones maj' be divided simultaneouslj' wrth tho arm m supmatlon or 
if preferred the radius may be divided first and the ulna afterwards with 
the arm held m the mid poartion If the ends of the bones in the stump 
bewnie united, anplofttion and pronation are lost To prevent this the 
muscles of the front ond back should be sutiu^ together between the bones 


AMFT7IATTQH THKOIWH THB WBOT-TOm' 

The of frurrocu Imtv citb«r not met «i(b aa injury in vhkli thU unpnUtkn n* 

indMted or coodemnrd tC On tbe nre occnckn* Hut no portion of tbe hnnd can be ured, ud 
there h lajEdent ekin to provide a flap or fiape. the operation ■booid be ■eriototj ccauidemL Tbe 
writer bai nerar perfbnsed tbe opeiatkxi. but he hu eren wrera] aaUafkctory maba. 

Tbe Unku are dhrlded by onnilar dirkkn a DtUe bekrr the krel of the joint Bw The wriet 
jcint mn** be earefnlly located and opened from th# radial aapect, othenrfae tbe Ijilfe mav be 
entered in error b e tanJ i tbe llrat and eecood rova of the carpal bonaa. 


THE PRESERVATIOR OF THT. HARD 

Even »n cases w?iere aU the fingers and thumb are hopelessly mutilated 
as much of the hand as possible should be preserved — The value of an amputation 
through or proximal to the metacarpal bones at any level far exceeds that 
through tbe wnst joint or forearm A movable stump distal to the wrist 
joint is a great functional asset (fig 748) 

To conserve portions of fing^ and above all as much as possible of the 
thumb should need no emphasis There is a vast field for reconstructive 
surgery of the fingers and thumb To this end skin graftmg tendon 
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incision The incisions then take the form of a racquet When the skin flaps 
have been raised, the muscles are divided m a circular fashion to the bone 
(Fig 743) The first sweep of the knife divides the triceps behind and the 
biceps m front When these have retracted, the deeper muscles are divided 
at the new level A Didier or other retractor is applied and the bone is 
severed with the precautions already mentioned 

AMPUTATION THROUGH THE ELBOW-JOINT 

Amputation through the elbow-jomt is often rendered impossible by the nature of the mjury , 
large flaps are required to cover the expanded lower end of the humerus To condemn the operation, 
how ever, is a mistake The limb fitters do not favour it As a matter of fact, if properly fitted, a 
more secure hold can be obtained for the artificial limb than is the case when an amputation is 
performed at a higher level 

Position — The arm is shghtly abducted and flexed to an angle of 130° 

Operation — ^The most certam way of obtammg sufficient covering for the projections of the 
condyles is by the formation of a large internal and a short external flap Alternatively, the classical 

method of a long antenor flap and a short postenor flap 
may be employed Kocher recommended the racquet 
mcision (Fig 741) m which the soft parts of the forearm 
are divided m circular fashion below the jomt and the 
bones shelled out subpenosteally as far as the jomt 
This is the most simple procedure In makmg a choice 
aU wuU depend on the nature of the injury”- To 'provide a 
long internal and short external flap, a short vertical mcision 
18 made in the groove to the inner side of the prominence of 
the biceps tendon This exposes the brachial artery and the 
median nerve The nerve lies on the inner side of the artery, 
rarely behmd it They are divided and hgatured m the 
usual way The mcision is now earned m a cun ed direction 
Fig 744 downwards, backwards and finally upwards to reach the 

, r j _L 1 i of fhe olecranon process behmd The skm and fascia 

Kocher s mcision for disarticulation raised for ^ m and the knife is then earned to the 

of the clbow-jomt A very short external flap is raised m a similar 

manner After division of the tnceps tendon, the radio 
humeral articulation is defined and opened and the 
disarticulation is completed. The common error is not to provide enough flap for the projection 
of the mtemal condjde 



AMPUTATION THROUGH THE FOREARM 

All are agreed that the lower the amputation the better the function 
A 3-m stump below the elbow-jomt is the mimmum length of functional 
value 

From the instrument-maker’s point of view the site of election for the dmsion of bones is from 
6 to 7 m below the olecranon E\ en if pronation and supmation cannot bo transmitted to the artificial 
lunb, it IS well that this movement should be retained 
Retention is only possible if the amputation is performed 
below the insertion of the pronator radu teres muscle mto 
the middle of the outer surface of the radius 

Position — The arm is held m full ex- 
tension and pronated or supmated as 
required 

Operation — Short modified circular skm 
flaps are made either on the dorsal and 
ventral aspects or laterally Alternatively 
an eUiptical incision (Fig 745) may be used 
An eUiptical incision is essentially a circular 
incision, but placed obhquely so that the 



Elliptical mcision for amputation 
through the forearm 
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npper iwrtion la at tbe lo\cl of bone clmsion t!ie Io\ror at a distance 
from tbo upjter equal to the nntcropostenor diameter of the limb After 
division of the muscles in circular fashion (Fig 740) the point of the knife 
is entered botivecn the two hones to dindo the Interosseons membrane 


FLEXOR CARPJ RAOWUS MEplAN NERVE 





756 


AMPUTATIONS 



Fig 747 

Even the shortest stump of 
the thumb is of great utility 
(After Couch ) 


transplantation and bone grafting have all been 
invoked successfully The transposition of a finger 
from the other hand to replace a lost thumb has 
also proved successful (Joyce) A single finger 
with good mobihty is far superior to the most 
elaborate prosthesis A hand deprived of the 
thumb loses more than two-thirds of its functional 
value Even a short stump is a great asset to its 
owner (Eig 747) A stiff thumb Avith aU the tendons 
destroyed and aU the jomts ank3dosecl, if placed in 
correct position for apposition of the fingers, adds 
verj’- considerably to the utilitj’' of the hand 



Fig 748 

Recent photographs of a case operated upon m 1911 Four fingers, them metacarpnl 
bones, the trapezius and the trapezoid v ere removed The first metacarpal now articulates 
V itli the scaphoid The patient is seen holding n razor 

AMPUTATION OF FINGERS 

The fingers and thumb aie the most important part 
of the upper hmb 

When a surgeon is confronted with wounds of the 
fingers, and especially of the thumb, his thoughts should 
turn first to wound excision or debridement (as the case 
majr be), the local application of sulphonamide, and 
immobilization witli undisturbed dressings rather than 
to amputations On the other hand, primary dis- 
articulation of a finger may obviate the possibihty of 
spreadmg infection with httle loss of function Often, 
disarticulation is to be preferred to a short stump of a 
finger (Fig 749) 

Surface anatomy — The three knuckles formed on the dorsal aspect 
of a finger vhen the joints are flexed he proximal to the jomt The A poor amputation, 
three grooves on the palmar aspect hare the following relationship to the short mdex stump 
the joints The metacarpophalangeal joint lies 5 in abo\o the (After Couch) 
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foowpcpdin- fanw tlte middl® Jcfat Dr* oppotito tb# furrow and tl» ttrmtml Joint 1 lo- 
dbtal to the furrow 
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impaired arid that the cosmetic effect is verv much better (Figs 7>I and 
7 >?) Discrebon must bo used m this matter If the head of the bone is 
removed it should be divided obliquelv as shown in Figs 751 and 7^*2 The 
blood vessels are secured. J»ervee in the case of a finger should be located 
if possible pulled down and divided at a high level Tf the skin flaps are 
too long the\ should be trimmed before suture 

Amputation of the middle or rlns finffcr — A simple racquet incision is 
employed The handle of the racquet commences over the distal third of 
the dorsal surfece of the metacarpal bone and is continned until it reaches 
the level of the middle of the web of the fin^r It is then carried downwards 
and forwards round the finger on each side and through the crease on the 
palmar a*port The incisions are made deepiv to the bone The tendons 
are Mdered tense and divided. The jomt is opened by bvperextendinfl 
the finger and incising the capsule from the palmar aspect The later2 
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ti'n))Hj)la)iiaMoji aiirl bono giufinig have all been 
invoked HuaccHfifully. '(’ho (,i'anHi)OHiiioii of a /inger 
from (/lie ol^bor baiul to 7'oj)laeo a 1ob(/ ibiiinb lias 
alHo ])i’OvcfJ fiiioocHHriil (Joyce), A aingle hiigei- 
with good molality ih faj- Ha]70i'ioj' to the inont 
elal)07'ate proHthcHiH, A hand deprived of tlie 
tliinnb loHCH moi’o than two-thii'da oi itH functional 
value. ICven a nhort ntninp ifi a groat aBhot to its 
owner (hhg. 7'I7), A Btdf thinnb wil-h all the tendons 
destroyed and all the joints ankylosed, if placerl in 
correct jiosition for apposition oi the fingers, adds 
very considerably to the utility of f/he hand 
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hdiKH, (lie li/i,|)cyiiiH and Uio Mapc'/old wnio loindvol 'I'lio liinl, ni(‘l,)t()iij)]il nnw jiiUciilalt'S 
will) (/Ik Hcajilioid 'I'Ik |mUcnl la aac)) Ijolding a in/oi 

AMPUTATION OF FINGERS 
'I’bc fingcis aiul thinnb are the most iinportaiii- ])ait 
of the nppei limb 

When a surgeon is ecinfrontcd wil-h wounds of the 
fingers, and cspccnilly of the thumb, Ins thoughts should 
turn first to wound excision oi df-bridement (as the case 
may be), the local application ol sulphonamido, and 
immobilization wil,h undisturbed dicssmgs rathoi' than 
to amputations On the other hand, jirimaiy dis- 
articulation of a finger may obviate th(‘ jiossibihty of 
spieadmg infection wM/h little loss of function Often, 
rbsai ticiilation is f,o bo jirefcrred to a short stum)) of a 
finger (I'hg 740) 

Siirfftco nnatoiny 'I'lic liii" l(niKl(l<M loinnd on iho tl<iimi.l iiapuL 
III II Until I winn On jefna '*ii lli x< d iio diuxiiiiiil to (lie joist 'I'Ik) 

IliiK prooviM on Mio idiIiiku )wi)( i L Ii/lm (Ik IoIIowIkk k l)i.(ioiiHl)l)) to 

(ll< JOI)|(a 'I’ll') »(K (Kl )d|)') pflldKIlt/' )d joilll lilH <i ill iiliovo tlic 
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« of a pedido akin tunnel The tuunol of skm is jjasfeed 
tlirougli the l>ell> of a particular muscle and out through 
an opening m tlio ekm on the opposite side u-here it is 
sutured (Fig 7o4) \^Tien healing has occtirrcd a metal 
rod IS placed m the tunnel and b^ this i > . 
means yoluntor\ ino\cment is imparted / // / 

to an appliance / / // / 

Fw Reporting upon 403 patients upon whom //''\ I 

Tb© prindpie of the Sauerbruch\* kineplftstic umputotion had 

tan performed Horn found tliat 10 per yiT I 

cent of them had to Itave further surgical \ / 
treatment chiefl\ on ncconnt of nenromatn or furunculosis m t i| / 
the tmmels Also frequent repairs were neeessarv to certain \ uL / 
ports of the npphance In spite of theae discouragements 
appronmntelv 00 per cent of the patients were well satisfied 
nith their artificial limbs and were using the apphancea daiR |]| 
witlwut interruption or inconvenience II] 

The psendo-arthroiii motor was developed by Putti The 
pnnciplo la the soporatlou of a terminal portion of bone to which “ ^ 

opposing muscles are attached thus rendenug the now formed ^ 
terminal segment capable of voluntoiN movement (Fig 7!>o) thrwi* motor 
Besides flexor and extensor motors tnmotors and quadmotors 
have liecn devu^jd and an am 
putation of the forearm has / 

been utilized to open and close an * ♦ 

artiflcial hand bm||U 

Porcepiiation ” ol the radiui 
and ulna is anotlier principle of 
j kmeniat izatio n 

i tj 1 uiiich differs from ^ 

j i the others in 

jj no appliance is ^ 

J n requir^ A K. 

f \\ Henr\ made a 

\\ forearm prehensile 

|sL^ l\ after a patient / '' 

1 \ liad lost his band ^^Bl - 

lyA Fig 750 shows 

the amount of I 

, , , TBUms and ulna J 

iimiT • mrthod of j 

fmeptnikn.” removed and the 

portion of radius 
was detached to form a 
digit Tendons were made to ^ f 

ojicrate this artificial digit The — - ^ 1 

result u as most encouraging Fm c” 

(Fig 7 i7) Tlie patient learned if ^ K. Hmir • c*»o of m*iittg tie fc*© 

to gm. 1 , . and 0 T,te ^th “ 

hirt aniniateil forceps 


Hmij • mrtbod of 
“ fmrptatfcn.” 
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ligaments offer some resistance, but are easily severed Hamilton Bailey 
recommends Sherwood’s amputation In thrs operation an attempt is 
made to reconstruct the mterdigital cleft, and the lacquet incisions meet on 
the palmar aspect m the form of a V, the apex of which points towards 
the wrist The V incision on the palmar aspect prevents the hulgmg 
pad Avliich IS so much m evidence after the orthodox removal of a finger 
By amputation distal to the metacarpal joint the function and cosmetic 
result IS better 

Amputation through the second joint — ^As already mentioned, the joint 
lies exactly opposite the furrow on the palmar aspect of the finger in flexion, 

and very slightly distal to the knuckle on the dorsal 
aspect A racquet incision or a long palmar flap are 
recommended for this disarticulation The dmded 
extensor and flexor tendons are stitched together ovei 
the head of the first phalanx before the skin flaps are 
sutured By this means full movement of the stump 
IS maintained (Fig 753) 

Amputation of a terminal phalanx — In practice it 
IS found that injuries necessitate the formation of 
flaps from wherever they can be obtained It is often 
necessary to remove the head of the phalanx with 
bone forceps 

Whenever possible the insertions of the flexor and 
extensor tendons should be left intact If this cannot 
be done they should be united over bone end, or at least 
anchored to their sheaths When the tip of the finger 
IS amputated with a portion of the phalanx, the insertions of the flexor 
profundus digitorum and the extensor communis digitorum remain intact 
If, instead of amputating through the proximal phalangeal joint, a portion 
of the middle phalanx can be preserved, the insertion of the flexor subhmis 
digitorum and a slip of the extensor communis digitorum aviII be spared 
at their attachment to the proximal end of the bone 



A good amputation The 
middle stumps mtrcose 
the grasp and prevent ap- 
proMmation of the remam- 
ing digits ( After Couch ) 


KINEPLASTIC AMPUTATIONS 

In order to impart more usefulness to a stump, particularly one of the 
upper limb, where a prosthesis is little more than an ornament, kineplastic 
amputations were devised The idea was originated by an Italian practitioner 
(Vanghetti) who experimented upon birds Seci, of Pisa, at the commence- 
ment of this century tvas the first to perform a kineplastic amputation 
In spite of a successful outcome the idea gamed but little serious recognition, 
and ver^'^ few attempts were made to repeat or develop this surgical innovation 
until, as a result of the 1914-18 war, a plethora of obvious material was 
available Even then large-scale attention was given to the subject onty bj'’ 
Italian and German surgeons, and particularly the names of Putti m Italy 
and iSauerbruch in Germany have become associated A\ith these ingenious 
procedures 

The muscle tunnel motor is the particular form of kineplastic amputation 
■which V as developed at the .Sauerbruch clinic ITe principle is the formation 
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Fituuaunce Kellr hnd a larro experience of secondary amputation 
through the hip-joint at the Bnghton Pn\ntloii at the close of the 1014 18 
Trar He stiongh recommended and practised perfonnmg this ampntatlon 
b^ means of a poatenor flap (Fig 7 lO) equal m length to the nnteropoatenor 
diameter of the npiicr limit of the thigh 

Disarticulation of the hij) Joint should onI\ he attempted if there vi no 
alteniatn e 

AMPITTATION THROUGH THE THIGH IH T HE P RESEHOE OF A 
FRACTURED FEMUR (ALL LEVELS) 

Tlitf slcoro amputation u-oh designed 1)\ the \mter to meet certain 
emergencies nith the least poesiblo surgical nsh 
con^rvation of the longest ]>ossihlo stump Too 
cases will l>e dcscTil>ed hnert\ 

Co'it \ — \ strong \a\>o\mng man was run over 
b^ a motor lorrv and sustained a fracturo about 
the middle of the shaft of the nght femur Ho 
was Mien ten da)** after the uqur\ The leg from 
the foot to jast IkIoiv tlio knee uns gangrenous 
the thigh n-as onomiousK saollcn and had all 
the apjwnmnco of tiie carlv stagcsi of moist gan 
grene vliich had alreadx destro\*ed the leg The 
mdoma vesication and discolomtion eTtondo<l 
npirards on the abdomen A toomiquet could 
not be emploted owing to the condition of the 
soft tissues and for the same reason digital 
compression of the vessels was iraposmble An 
meinon a as made exposing the tipper portion 
of the femoral artorj for a lengtli of 2 or 3 in 
m order to ascertain its condition The orterj 
was pulsating in the upper jxirtion of its courso 
it was held by an assistant between finger and 
thumb A circular amputation was qiuokly 
performed through the htee joint just above tlie 
hne of definite gangrene The incurion was camo<l 
above the margm of the patella in front and the 
qoadneeps extensor tendon divided tho joint 
was opened m front and amputation completed 
bj transverse division of the tissues behind The 
attachments of tho soft tissues to the femur were separated (Fig 701) with 
tnife and Jones gouge until the lower s^ment could be withdrawn from the 
hno of fracture like a cork from a bottle bv the rotary movements of a heavy 
hone forceps When tho assistant released tho femoral artery there tma 
no bfutitng tchaterer at the end of the stump At thxs Itvel the ttsssls were throm 
bostsl and obhteratetl The lower half of the thigh had now the appearance 
of a sleeve of a coat from wliich the hand and part of the forearm had been 
removed The sleeve was left open and packed lightly with gauze 

The man mode an imintemipted iwovery except that there was an 
oxtensivo alonghing of the skin in the upper portion of the thigh This 
84 
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THE LOWER LIMB 


AMPUTATIONS THROUGH THE HIP-JOINT 

Primaiy amputation at the hip-joint following injuries of war cairies so 
high a mortahty that the operation seldom can be justified In the exceptional 
case there may be no choice The operation is planned so that the stump 
consists of the pelvis covered by skin and subcutaneous tissue An aitificial 
appliance (tilting table) cannot be fitted to a flabby mass of muscle It 
IS an advantage to leave the head and portion of the femoral neck in silu 
By adopting this plan, sinlang m of the soft tissues is avoided, and the 
convex stump desired by the hmb-makers is provided Amputations at a 
slightly lower level with retention of the lesser and greater trochanters 

usually result in a flexed stump, 
but to this projection a socket can 
be fitted without much difficulty 
Position — The buttock rests on 
the edge of the table, both hmbs 
projecting over the latter The 
sound limb is flexed and secured 
to the leaf of the table, or held m 
abduction out of the way 

Operation — ^A vertical mcision 
3 to 4 m m length is carried 
downwards from Poupart’s hga- 
ment in the hne of the femoral 
vessels These vessels are exposed 
and ligated as high as possible The mcision is then carried obhquely 
round the inner side of the thigh about 4 m below the permeum It is 
then carried ouWards to a point below the base of the great trochanter 
(Fig 758) From this point it passes across the back of the thigh to join 
the origmal mcision Skin and fascia are raised up in the whole circum- 
ference The muscles on the outer side of the thigh are divided to the bone 
and the external circumflex artery ligatured With the hmb elevated the 
attachments of the gluteus raaximus and all the muscles attached to the 
great trochanter are divided The remaining muscles at the back and in 
the adductor region are 
similarly divided and 
the mternal circumflex 
artery when seen is 
ligatured The shaft of 
the femur is cleared 
of muscle and perios- 
teum with a Jones’ gouge (Fig 
difficult along the linea aspera 



Incision for amputa 
fion through the liip- 
jomt 


Fitzmauncc-Kclly’s in- 
cision foi amputation 
througli tlio liip joint 



ScULf Ip 
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Sir Robert Jones’ gouge is more effective than the ordinari 
penosteal elevator 


760) This separation wiU be found most 
The jomt is opened in front and the head 
of the femur dislocated from the acetabulum The hgamentum teres and 
remnants of the capsule will require division Whenever it is possible it is 
better not to dislocate the joint but to divide the femur through the neck 
or at a lover level, for reasons previously stated 
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four or five da\t fcwoudnn suturo or dmwing the flniw togctlier with adlieaive 
plaster 18 URimlh follo^^ed b\ n sfttwfacton stnnii) W K D ilitchell 
jn a pcrRonal cominuiiication T^ntea that lie has Been a number of Moir the 
liiee ainpHfaliou^ vnth equilateml flaia apiwn-ntl} at leaat some of these 
had been performe<I l>ccnufio tho principle of equilateral flaps was advocated 



Pralnapr U lisperffirt «heii •otenv 
pOTt«rior flapn ov^L 



ui tho first edition of this work. ActimlJ\ aa tlie illustration ehowa it waj 
for the tlugii that the operation xiaa and is recommended and then onl\ in 
infected cases As ilitchell states if equilateral flajie are used at the modem 
seat of election bolow the knee with tho idea of obtaining a pennanent stump 
at this le^-el man\ sccontlan above-thc-kneo amputations will become 
necebsar\ 


AMPUTATION THROUGH THE THIGH (ffiddls or Upper Third) 

Tho seat of election for amputation through tho thgJi is usuallj stated 
to bo about 4 to 0 m above the kneo joint As a matter of fact 3 or 4 in 
above the knee is a better level for tlio division of bone 

Above the seat of election even* inch of bono should bo preserved Five 
mches of shaft is the nmumom capable of transmitting function to tlie 
artificial hmb The value of the aleeve amputation m l>ad nsk cases of 
infected fractures at a high level has been emphosixed 
Position — Tlie same as In amputation at the hip jomt 
Oholce ol flap* — hen Ofierating through Jienltlu undamaged tifwnee an 
elliptical incision (Fig 76o) is the method of choice 
84 \ 
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area was skin-grafted Seven years after tlie operation he was seen by 
the writer , he was walking about witli an artificial leg free from pain or 
discomfort 

Case 2 illustrates the good result which can be obtained by amputating 
by the “ sleeve ” method well below and not above the area of infection 
A pohceman was shot in the upper portion of the left thigh and sustained 
a compound fracture of the femur He was seen six months later 
There was no umon of tlie fractured bone The upper part of the thigh 
was riddled with sinuses and each discharging sinus led to bare bone 
The patient was lU, pale, wasted and anaemic There was albumen in 
the urme 


To obtain healthy flaps and remove the disease, an amputation through 
the hip-]oint or through the neck of the femur was indicated, but the 
risk of such a procedure m such a case was realized 

An amputation by the “ sleeve ” method was performed In this m- 
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The end result m case 2 The sinuses have 
healed and a painless mobile stump ensued 


stance primarj'’ amputation through the 
knee-joint, as practised m the first case, 
was dispensed with The soft tissues 
were divided m circular fashion well 
above the level of the knee and the 
limb “ extracted ” A tourniquet was 
employed and the vessels and nerves 
dealt with m orthodox fashion The 
stump consisted of a long sleeve, riddled 
with sinuses m the upper portion 
The general condition of the patient 
improved rapidly, and after prolonged 
convalescence a pamless serviceable 
stump remamed, which lent itself well 
to the fitting of a modern artificial hmb 
(Fig 762) 

The “ sleeve ” operation is suited 
particularly to bad surgical risk cases 


•with fracture There is no division of bone -with the saw and there is a 


proportionate diminution of shock It is usually advisable to leave the 
sleeve completely open for drainage and contraction 

In the cases mentioned, which are but two of a series, the operation was 
completed in fifteen minutes 

It must be left to the judgment of the operator whether to expose and 
ligature the external ihac artery or femoral vessels or to deal -with the blood 
vessels durmg the circular drvision of the tissues lower do'wn Much ‘wiU 
depend on the condition of the soft parts immediately above and below 
Poupart’s ligament 


AMPUTATION THROUGH THE THIGH- SEPSIS FEARED (ALL LEVELS) 

When judgment dictates that the wound must be left unsutured, equi- 
lateral flaps are recommended , the reason for which is apparent by reference 
to Figs 763 and 764 Should the fear of wound infection lie unfounded, after 
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und behind at the level of bone section The ellipse crosses the thigh m 
front nbont 0 to 8 in lower dorni It is well to mark these two points b\ a 
small trans\orBe cut in the skin before oomnicnoing operation 

The incision is made through akin and fascia lietween the two points 
already mentioned The skin is raised on the front of the thigh in the form 
of a flap for about 3 m The kmfe Is now camod through musdee m a sloping 
manner until the point at which it is intended to divide tho bone is reached 
In this wa\ the flap contains more and more muscle The skm on the back 
of tlio thigh 18 then raised and the muscles divided transversely to the bone 
(Fig 706) ^^^len the bone has been bared as high ns is necawar) a metal 
retractor (see Fig 738) is apphed and while an assistant holds the leg steadv 
m a homontnl position the bone is divided with Butcher s saw Tho veasols 
ore doubl} ligatured The saatio nerve is pulled down gently mjected with 
a local anreethetic and cniahed and ligatured Tho long saphenous nerve 
should be dealt with m a similar manner The tourniquet is now loosened 
and all bleeding controllciL It is usual In low amputations to control 
eicoesire contraction of the muscles by drawing thorn together over the 
bono with raattross sutures Muscle rotmction does not occur in high 
amputations of tho thigh 


AMFUTATIOH THBOUOH THE THIOH (Lower ThW) 


The amputation of choice is by on antenor 
flap with clivisioD of the femur 2^ m abovo 
the level of the knee joint (J D Buxton) 
A large U*shaped flap (Fig 707) is marked 
out on tho anterior surface of tho limb 
ortending when necesaor) down over the 
patella TliO lenrth of the flap should bo a 
httle less than tno anteroixjstenor diameter 
of tlie hmb at the point of bone section 
(Skm stretches 6aail\ m tlus situabon ) The 
flap is raised to expose tho quadriceps tendon 
which 18 divided and reflected upwords from 
the bone A transverse incision through skin 
and fascia is made across the popbteal space 
and joins tho two extremities of the anterior 
mdaon The akin, is raised slightly and all 
the muscles dividod transversely to the bone 
The mam voesels are dealt with m the luraal 
manner The intomal saphenous vem is 
ligatured It is necessary to identify the 
two pophtoal and the long saphonons nerves 
The muscles are sutured together over the 
bono taking care that the bono is in the 
centre of the muscular tissue The soar hes 
pofltenorly 
84 B 



The Itfgo U-*hftped fl*p foe wupdi 
tkm thixmgii tV kj^rr third at the 
th^h. 
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Tourniquet — In aU cases the elastic tourniquet must be placed well 
above the level where it is intended to divide the bone, otherwise 



Fig VIS'! 

An elliptical incision foi amputation through the upper third of 

tlie thigh 


the tourniquet may slip In the ease of a higli amputation of the 
thigh, to prevent slipping two strips of bandage can be passed beneath 
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Fio 766 

Transi ersc set tioii through the middlf of the thigJi 


the tourniquet An as'^istant exerts traction on these bandages tovards 
the patient’s head 

Operation — An elliptical incis’on is made with its highest point above 
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ifl more desirable A very short below the-kneo stump invariably becomes 
flcTcd and it is only possible to provide n peg leg 


Petition — The leg projects well over 
the end of the table By spanning the 
hmb with finger and thumb the ontero 
postenor diameter at tlio le\*ol of the 
future sawhno can bo gauged 

Flaps must be taken from wherever 
the injtrrv permits cither a large anterior 
(Fig 771) or ovtomnl flap is to bo pre- 
ferr^ The flap equals In length the 
diameter of the limb at the point of bono 
section Tlie flap is raised and a circular 
incision connects its extremities lliiscles 
are severed b\ circular division (Fig 772) 
juat l>ek)w the scratch on the slan The 
bones are laid liaro with Jones gonge 
Didicrs retractor is applied The fibula 
IS dlvide<l at a higher level than tho tibia 
with a strong nb shears or Butcher s saw 
The problem of how to deal inth the fibnia 


Fu ~j 

AiBputatioQ ^ tke Mt of ekvtka brlov 
Ibe kwe 




Tr»n»Ter*o Bection thn»gb tie leg. 
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AMPUTATION THEOUGH THE LOWER THIRD UNDER LOCAL ANAESTHESIA 

When circumstances demand that the patient’s vital resources must 
be conserved, A K Henry suggests that amputations of tlie thigh should 
be performed under local anaesthesia vuth the patient Ijnng on the sound 
side (Fig 768) After the area of the proposed flaps has been inflltrated 



Showing the position of tho patient A nurse 
holds the leg and rotates it ns necessary' 
mthout lifting the limb 


Tlio knee falling across its soimd fellow gives 
access to tho back of tho tlugli The mcision 
showTi exposes the sciatic nerve for injection, 
and the mam vessels for ligature 


IHTERNAL POPLITEAL 
(TIBIAUNEBVE 


AirPD^ 

SCIATIC RETBACTtD 


With local anaesthetic, the sciatic nerve is exposed and infiltiated hke- 
Wise , at the same time the vessels are hgated For tins purpose the 
primary mcision extends from a hand’s-breadth below the knee to a point 
three finger-breadths proximal to tlie hne of bone section (Fig 769) 
The two heads of the gastrocnenuus muscle are separated with the finger 

The finger then works proximally through 
the pophteal space and separates the shght 
adhesions of the mesial and lateral hamstrmgs 
The two main vessels he anterior to the 
sciatic nerve, i e , nearer to the bone By 
tracmg the vessels from below, they can be 
hooked off the femur with a finger (Fig 770) 
and can be easily tied above the level 
of the bone section Sian incisions aie 
made from the mesial cut and flaps are made 
and muscles severed Ten nnnutes’ time 
should elapse between mjectmg and cutting 
the sciatic nerve It is impoitant aftei 
removing the hmb not to pull out the 
proximal end of the nerve and cut it short 
at a pomt unprotected by anaesthesia The saphenous nerve must also 
be injected before it is divided 



HAMSTRINGS 

RETRACTED 


RETRACTOR 
FOR HAMSTRINGS 
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The popliteal \ essels are hooked bv the 
finger and traced upwards to bo tied 
proximal to the adductor opening 
{After A K Henri/ ) 


AMPUTATION THROUGH THE KNEE-JOINT 

There are \ery few mdications for amputation through tho knee-joint Tho operation has 
been abandoned m largo measure in favour of amputation through tho lover third of the thigh 


AMPUTATIONS BELOW THE KNEE 

By common consent the seat of election for amputation of the leg is 
6 or 7 m beloiv the lower border of the patella with the leg flexed The 
point for bone section should be marked by a scratch on the skin If less 
than 4 in of the tibia can be saved, an amputation above the knee-joint 
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ankle joint The modem amputation loavca about 2 m bet\recn the end of 
the stump and the ground Tlie operation slionld not be performed m the 
prci^nco of gross sepsis and it will not be successful if there is much mjun 
to the integuments m the nciglibonrliood of the heel Sme s amputation is 
undoubtedK the best operation in the lower limb Elmshe supported this 
nea He said it Is objected to b 3 some limb makers because it 

IS more difficult to fit than is a straightforward amputation through the 
middle of the leg but this is raucli more than counterbalanced bv the facts 
that a patient with a good S\Tno nmpntation can walk ten to fifteen miles 
run jump and pla\ such games as (cnnls and golf almost withont hi'i 
(ijsabiht\ bomg noticed 

In man\ of the coses ^hich failed in the last irar the operation was 
either contraindicated or pcrformcil under adrerae conditions hurthermore 
a proportion would ba\*c been a |»ennanenf sncceas if provided with a good 
fitting prosthesis or if the modem incision had been emplo\-ed 

Poiition — ^Tho foot projects over the end of the table \n assistant facing 
the operator holds the leg with both hands above the ankle joint He raises 
and lowers the limb at the different stages of the operation 

Operation — The modem Ryme a amputation is b\ the elliptical incision 
The lower portion of the ellipse tm\en*cs the foot I m in front of the lieel 
(Fig 770) Tlie anterior portion is 
earned across the front of the ankle 
The mcUion commences behind tho tip 
of tbe internal msUeolns It crosses 
the sole to a point ^ iii above tbe tip of 
tbe external mallMius All structures 
are divided to the bone Tlie extreiui 
ties of this incision are connected b\ 
an incision across tiio front of tlio ankle- 
joint with d shght inclmntion upwnttls 
All tlK5 structures are divided to the 
bone and the ankle-joint is opened 
After division of the lateral hgnments the astragalus is dislocated fonrnrda 
b\ depreasing the foot With tlie foot stiU more plantar flexed the back 
of the os cbIcis is cleared of tendo Achilhs and heel flap Tins is a 
procedure of oome difficulti the kmfe must bo kept in close contact with 
the Ixuie Great care is neceaaan not to buttonhole the skin when the 
proinmenc© of the os calcis is rcnclic<l When working on the inner aspect 
the posterior tibial orten must not be injured or the vitalitj of the flap 
IS endangered-* Tbe secret of success m dealing with tho Jieel flap is to keep 
clo-o to tlie bone Jones gouge here os elsewhere is of considerable assist 
once Wlien the foot is lemovod tho tibia and fibula ore cleared and 
divided with a saa alwut J in above the joint level (Fig 777) The 
anterior tibial veasels and the internal saphenous vem are sought and 
ligatured- The anterior tibial and mnsculo-cutaneoufl nerves should be 
dealt uith in tlie ortho<loi manner WTien tho plantar vessels have been 
secured the large postenor tibial nerve is divided above tho le\el of bone 
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requues attention. Some surgeons bebeve tliat the retention of the head assists 
in keepmg the stump m the socket The maj ority take the opposite view Thej'- 
claim that complete removal of the fibula provides the following advantages — 

(а) Flaps, otherwise too small, will suffice 

(б) A prominence of bone which stands pressure badly and upon which 

the external pophteal nerve hes is ehmmated 

It IS necessary to make the anterior part of the tibia smooth by applymg 
the saw about half an mch above the intended Ime of amputation and divid- 
ing the crest obliquely from above downwards and backwards 
until the level for the transverse division of the bone is reached 
The saw is then removed and apphed transversely (Fig 773) 
In tins way the sharp crest is bevelled 

Immediate after-treatment — ^IMany legs become flexed at the 
knee owmg to faulty earty treatment Immediate plaster of 
Pans fixation of the stumji includmg the knee avoids this 
troublesome comphcation When the plaster is changed for 
removal of the stitches, fuU movements of the knee-joint should 
be encouraged The second plaster is apphed to the stump 
below the jomt If there is any tendency to flexion contrac- 
ture, a back sphnt worn at night will be sufficient to 
mamtain correction 
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i\Iethod of 
bevelling the 
crest of the 
tibia 


SYME’S AMPUTATION 

Sjmie’s amputation (1842) is not favoured by some recent writers 
There is httle doubt that ^vlth a proper selection of cases and correct tech- 
mque lasting results accrue I have 
been in touch with patients upon 
whom Syme’s amputation was per- 
formed bj'’ my surgical seniors as 
long as fifty years ago These 
patients, now in advanced years, 
have led an active life and were not 
handicapped in hunting or other 
sports (Figs 774 and 775) This is 
the more remarkable seeing that the 
opeiations were undertaken at a 
time when asepsis was in its cradle 
Humble individuals use the end- 
beanng stump m an elephant boot, 
vuth perfect satisfaction They can 
walk without any artificial limb if 
thej' so desire This is a considerable 
advantage over amputations at a 
higher level 

The classical incision has been 
modified and the bone divided at a 
higher level ^ By adopting an elhptical incision a shortei heel flap is 
provided By the higher diAUSion of bone, ample room is left for the artificial 

■ Stc also AjiptncIK cliajitcr 
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Radiograph of tlie stump 
fifty years after amputa 
tion for a crushing mjurv 
vhen the patient vas 34 
years of age 

The patient is nov 84 years of ago, lie hunts, 
dances and slioots regularly {Photograph, 1041 ) 


Stump fifty years 
after Symo’s am- 
putation per- 
formed in 1891 by 
the uTi tor’s father 
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Diitrticmlation ol the terminal phalanx in ncconipbelied bv a long plantar 
(lap aimiJar to that formcil for partial amputation of a finger In the case 
of tho toe however tho flap la dissected ^ck and the joint opened on the 
plantar aspect A. transverse dorsal incision divides the evtensor tendon and 
completes the amputation 

AmpnUtion at the metatano-pbalangeal Joint — The same flaps as in 
the case of fingers are excellent (see p 7 lO) Tlio head of the metatarsal 
bone of the great toe is largo and an internal flap of snitable dimensions most 
be provided m order to cover it 


THE CAKE OF AMPUTAT105 STUMPS 

The prevention ol Joint stlftnea and contractures — The value of plaster 
of Paris as a first dressing to bo followed after the stitches have been 
removed b\ a skin tight plaster has been emphasized 
Early active movement of the adjacent 
Joint ihoold he enconraged — In roost in 
stances a certain amount of movement can 
be allowed after the third or fonrth day 
In all cases, after tho stitches have been 
removed regular eiemsing of tho joint 
should bo instituted A splint worn at 
night will aid m preventing contmetures 
Shrinkage ol itumpi — "Manj of the 
divided muscles cease to functiOD tbe\ 
tend to shrink progrcssivolv Proesuro on 
the stump from an artificial Urab causes 
further shrinkage which Is not complete 
for many months It is therefore most 
desirable to fit some form of prosthesis as 
soon as possible for not onlj, wdl this hasten 
shrinkage of the stump but it has a good 
psychological effect upon the patient 
iloreover a patient who has learned to rely 
upon crutches does not accommodate him 
self rcadfly to the use of an artificial limb 

Temporary pylons — The common practice m this coimtry is to supply 
a temporary prostheMis and to alter tlus from time to time to conform with 
chongmg measurements of the stump 

I^TE FIBBE COVE (Fig 7£0) IS light und cheap The bucket is well padded 
and can be easily alter^ to fit the decreasing diameter of the stump 

The ri^AKTEB peo i>eo (Fig 781) is also in common use It can be 
constructed from a portion of a crotch sawn off at the correct level and 
plaster of Pans suitably padded 

In Amenca the hmb makers jirefer the fitting of the permanent hnib at 
once Tho socket la altered from time to time to conform to the changing 
measurements of the stump It is nigned that faulty habits of walking 
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division Some tendons ma 3 ^ require to be shortened Lateral drainage 
IS usually advisable (Fig 778) The dram may be removed in twenty -four 
hours and the stump enclosed in plaster of Pans 



Fig 777 Fic 778 

The bones are dnided J in abo\c the “ Dog cars ” are remo\ed and 

joint Ie\ el {Afl'rl’ 1) Wxtunn) rlcpendent drainage nlTorded 


AMPUTATION OF THE FOREPART OF THE FOOT 

Amjrutations tlirough tlie taisal bones aie not 
satisfactory'' When all the toes are mjuied jrast 
repair, the raising of dorsal and plantai flaps and 
removal of portions of the metatarsal liones is 
preferable to an amputation of a more radical kind 
(Fig 779) Sir Robert Jones practised this opera- 
tion after removal of the astragalus in seveie forms 
of claw foot He stated that the results were 
excellent No prosthesis is required, and the patient 
wears an ordinary^ shoe in which the toe portion has 
been blocked in 

AMPUTATION OF TOES 

Little disability arises fiom amputation of the 
four outer toes, but the heads of the metataisal 
bones should be spared whenever possible fS T 
Irwin of Belfast states that it is rare to find 
an amputation of the great toe winch allows 
a soldier to belong to category “A” The head 
of the first metatarsal bone is such an im- 
portant weight-bearing point tliat every effort should be made to spaie it 



W Jide amputation through 
tlic tarsal bones is unsatis 
factory, amputation 
through* the metatarsal 
bones gi\es a very useful 
foot, even if all the toes 
arc lost 
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fashion The patient is warned before again using the artificial appllnncse 
to wash the stump witli methylated spirit and powder froolv with tale twice 
a day X raj treatment is of vnlne (Huggins) 

Stump Ofteomyelitli is dealt with either by exposuig the end of tlio bone 
through the old scar or making a new latoml inmsion An inch or more 
of the bone ma\ be excised in Mo or an nlisccsa and sequestrum treated 
locally in the usual manner 

Spun — Wlion these are painful tho> are removed Care is taken not 
to disturb the penostoum or surrounding bone more than is essential in 
order to ovoid recurrence It maj bo nocessarj to remove a segment of 
bone including the entire circumference when the spurs are multiple 

Bunills sometimes occurs over the head of the fibula but is a rare 
comphcation Removal of the fihnlo mth the bursa effects a cure 
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A plaster peg-leg 


develop from the use of a tenipoiai}'^ hmb, and that 
it 18 less expensive to altei oi make a new socket 
than it IS to construct and alter a tempoiaiy limb as 
a piehmmaiy to the permanent fitting 

AFFECTIONS OF STUMPS 

Painful stumps — The cause of jiain may be ob- 
vious One of the commonest causes is a badl)'^ fitting 
prosthesis durmg the period when the stump is 
shrinking progressive!}’' On the other hand, severe 
and continued pain sometimes occuis without any 
obvious cause Such pain may be so continuous that 
the patients become addicted to morphia oi occasion- 
ally may be driven to suicide If the pain is the 
result of terminal neuromata, injection of a local anaes- 
thetic as a diagnostic measure gives complete, but 
usually only temporar}’-, relief Resection of tlie 


neuiomata is frequently unsuccessful It is better to 
divide the nerve at a higher level and jom the divided ends agam by 


accurate suture Sometimes the pam has its origin in the sympathetic 
nerves, in which case it is often accompamed by vasomotor and trophic 
changes Under these circumstances injection of a local anaesthetic usually 


fails to give rehef , this is a signal aid to diagnosis In such cases peii- 
arterial sympathectom}’- may give striking rehef, but often this rehef is but 


transitory, and removal of the 


sympathetic gangha above will 
be required Cases of extreme 
hyperaesthesia suffer as a rule 
from a true neuritis spreading 
upwards 

Re-amputation for painful 
stumps should be reserved for 
those cases m which there is 
definite locahzed osteomyehtis 
at the end of the bone, or where 
the stump is defimtely unsiut- 
able for the fitting of an arti- 
ficial hmb 

Painful and adherent scars 

should be excised, especially 
if situated at a pressure area 
of the artificial hmb A wide 
excision should be performed, 
and m suturmg, the new scar 
should faU, whenever possible, mto 
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A plastic operation for a painful and adliorcnt stump 
scar {Afler P D Wilson ) 


different position from the old (Fig 782 ) 


In troublesome cases a well-planned skin graft is successful 

Eczema and ulcers of a troublesome nature can only be cured by dis- 
carding the hmb for the time being and treating the condition m orthodox 
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SliotUd tho surgeon not feci quite certain as to whether he is justified 
In amputating os for the final fitting of an artificial hmb he can compromise 
by stitching the flajjs together loosoly with drainage If all goes well the 
sntunng can lie completed in a few days 


THE QUHiLOTIKE AMPUTATION 

The guillotine amputation consists simply of a idrcular di\ision of ekin 
muscle and bone at the same level (Fig 783 ) tho opening of fascial planes is 
reduced to a minimum Recently a largo number of surgeons have con 
demned this amputation as obsolete Certainly I have encountered guOlotme 
amputationa which have been performed at unfortunate levels and which 
have received incorrect or Inade- 


quate after treatment Xevertheleas 
1 am couvmccd that the operation 
deserves a permanent place in war 
furgerj I am therefore most 
snxioua that tho precise position 
should bo made elesj 

Assuming that in a case of gross 
sepsis amputation is indicated at a 
level Tihich will bo suitable for 
an artificial hmb the amputation 
should be earned out with oqui 
lateral or anteroposterior /laps 
which can bo left open and sub 
sequcntly sutured when the wound 
18 granulating hoalthiiy HamUtou 
Bailey has correctl;^ said that 
lateral flaps will give the beet 
drainage but they leave a scar 
which 18 less good from a hmb 
fitting pomt of view Each case 
must be decided on its menU A 
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Oafllotbie cloto to tbe dte of a 

fractw Jn a caao of gmubot voond fofloired bv 
^gangnoeofUiefoct. ( F ariet- KtOf SrfM 

good working rule is that whenever 


poesiblo a guillotme operation should be avoided at a good level for an arti 
ficial hmb If the amputation must bo performed at auch a level except 
under extenuating circumstances skin flaps should bo fashioned and the 


wound left open widely However there is another side to the question 
which can be well illustrated by two examples — 


(a) ETEjn button tltoai that it vill be poWble to coowre 7 in. t^Ty of femor nManred froca 
the top of th# great trochanter The akin h «> badly Htmignd that no ftjtber faigth of (a 
aTaOaUe To mnore man bene In order to make alda iSapa Vcrald render the rtinnp (in most cases) 
^ ^ » pmathesla ftring hlp-cootral eanwoortly If more bone k eacrilW, tbe 

patient mlfht u aeH loae the abole Innb Here tbe (niflkitiae ampatatkm ts tbe ocjy ratfcmal 
altematfre. Prcnidfng the after treatment to be deaerfhed la adopted, this precious stump can be 
sared. 


^ bas been hopetesalj manded and la infisoted. In other irorda, tbe time for 

parfcralM a permanent mid tlbialajnpartitiQowWiaaftty has paiaed. Hero a roIDctlno aaiputatfcm 

^ of tbe fc* h todkated. for the ahajing of flaps k auperilws re-ampotatiM 


There are stai surgeons who tlilnk that a guillotine amputation will 



CHAPTER LXIX 


AMPUTATIONS FROM THE ARTIFICIAL LIMB POINT OP 
VIEW, WITH SPECIAL REFERENCE TO THE GUILLOTINE 

AMPUTATION 

I T IS hoped and beheved that most of those who suffer amputation as 
a result of war injuries will eventuallj'^ be fitted with an artificial hmb, 
and the plannmg of the amputation with this object in view should be 
borne m mind, when possible, from the first Comparison of a work on 
Operative Surgerj'^ of 1912 with, say, the late Muirhead Little’s book on 
Amputations and Artificial Limbs (1922) shows that great advances were 
made as the result of experience gained durmg the 1914-18 war Many 
amputations became permanently obsolete for treatment purposes and 
only remained as possible exercises in operative surgery on the cadaver 
Twenty years’ experience at Roehampton and elsewhere has proved 
that the dictum, “ the surgeon amputates and the hmb -fitter must do his 
best with the stump,” is a fallacy On the contrary, close collaboration 
between surgeons and hmb-fitters leads to the best possible results Time 
has proved the durabihty of these results in the face of mcreasmg age and 
failing circulation These results were due to great improvement in the 
mechamsm and lightness of artificial legs, it being recognized that a patient 
might easdy walk ten miles on an artificial leg, whereas he could, perhaps, 
only hmp a himdred yards on a bad foot For the leg, therefore, conservative 
surgery has lost its importance It has always been otherwise for tlie 
arm, as the possession of even one intact digit capable of opposition to a 
prosthesis is better than the best artificial arm that has yet been made 

SELECTING CASES IN WHICH THE ARTIFICIAL LIMB SHOULD 
RECEIVE MAJOR CONSIDERATION 

Obviously, if gas gangrene or gross sepsis is present, the only consideration 
IS to save the patient’s life, and an amputation which nds the patient of 
mfected tissue and gives free dramage must be given prior consideration 
Whether or not it is suitable for a permanency is of little moment In the 
absence of signs of infection, due consideration should be given to preferable 
sites for amputation from the artificial hmb point of view Investigations 
are proceedmg regarding the time after injury during which (in the absence 
of signs of visible infection) it is permissible to perform amputation mtended 
to be permanent At the time of writing it is considered that the surgeon 
who encounters a hmb, obviously non-viable, within five to eight hours of 
the mjury should be prepared to amputate as for the final fittmg of an 
artificial limb, thus shortening the period of mvalidism 

774 
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Should the lurgeon not feel quite certain as to whether he is justified 
m amputatujg os for the final fitting of an artificial hmb he can compromise 
by stitching the flaps together loosoh with drainage If all goes well the 
BQtnnng can be completed in a few days 


THE QUILLOTIHE AMPUTATION 

The guillotine amputation consists simply of a circular division of akin 
muscle and bone at the same level (Fig T83) the opening of fascial planes is 
reduced to a minimum Recently a large number of surgeons have con 
demnod this amputation os obsolete Certainly I have encountered gmllotmo 
amputations which have been performed at unfortunate levels and which 
have received incorrect or inade- 
quate after treatment >»evcrtlieleB8 
I am convmced that the operation 
deserves a permanent place In war 
surger\ I am therefore most 
anxious that the precise position 
should be made clear 

Assuming tliat m a case of gross 
sepsis amputation is indicated at a 
level which will be smtable for 
an artificial limb the amputation 
should be earned out with cqai 
lateral or anteropostenor fiaps 
which can be left open and stib 
ficquently sutured when the wound 
IS granulating healthily Hamilton 
Bailey has correctly said that Fro, “W 

lateral flaps will give the best OodUotlM oprrmlko nude doae to the nte of a 

dramage but thev leave a scar frwtare in * ewe rf gimabot woniHi followed by 

— ui ^ j \ a» eanmae of the foot- (.rOzwmmta-KtSt SHUa 

which Is lees good from a hmb JewiSr f rpirp.) 

fitting point of view Each case 

must be decided on its merits A good working rule is that whenever 
posaible a guillotine operation should be avoided at a good level for an arti 
facial limb If the amputation musi be performed at such a level except 
under extenuating arcumstances skin flaps sliould be fashioned and the 
wound left open widely However there is another side to the question 
which can be well lUnstwted by two examples — 



(•) KTvnhitfi-t thoTTi th«t it will ho pn— Ihln to icnwiie T In. odj of fraor BMwaxed from 
tho ten of the grot troohnntn' The ekln !• to bnd}^ Himiged thnt no farUvr ksgth of {■ 
aTtikbtF To nmore laore bone in ordrr to nt*kt» lUn flaps would muVr tlv ctTimp(hi cum) 
fer tb« fitting of a prosthesU giring liIp<aiitrol canaeqtKotlj if more bona U aaerlflcMl. the 
might tut u well kae the wbote Ifaoh Here the priUbtlno ampnlatioo la the oolr ralkul 
Pnrridtng the after treatmest to be deeciibed le adopted, thk pre t- ' kim atnmp e*n bo 


^ twen hopelemly mangfed and la Infected. In other aoida, the timA foe 


pmoralM a. permanent ndd tib*J ampotatko with aa&ty bu puacd. Hero a rnillotlne ampnUtkia 
part of the leg h indicated, for the ahapfajg of flapi !• anpertnow j re -am potation 


There are still 


surgeons who think that a gmllotme amputation will 



CHAPTER LXIX 


AMPUTATIONS FROM THE ARTIFICIAL LIMB POINT OF 
VIEW, WITH SPECIAL REFERENCE TO THE GUILLOTINE 

AMPUTATION 

I T IS hoped and beheved that most of those who suffer amputation as 
a result of war mjuries wiU eventually he fitted with an artificial limb, 
and the plannmg of the amputation with this object m view should be 
borne in mmd, when possible, from the first Comparison of a work on 
Operative Surgery of 1912 vuth, say, the late Muirhead Little’s book on 
Amputations and Artificial Limbs (1922) shows that great advances were 
made as the result of experience gained durmg the 1914-18 war Many 
amputations became permanently obsolete for treatment purposes and 
only remamed as possible exercises m operative surgery on the cadaver 
Twenty years’ experience at Roehampton and elsewhere has proved 
that the dictum, “ the surgeon amputates and the hmb -fitter must do bis 
best with the stump,” is a fallacy On the contrary, close collaboration 
between surgeons and hmb-fitters leads to the best possible results Time 
has proved the durabihty of these results m the face of mcreasmg age and 
failing circulation These results were due to great improvement m the 
mechanism and hghtness of artificial legs, it bemg recognized that a patient 
might easily walk ten miles on an artificial leg, whereas he could, perhaps, 
only hmp a hundred yards on a bad foot For the leg, therefore, conservative 
surgery has lost its importance It has always been otherwise for the 
arm, as the possession of even one mtact digit capable of opposition to a 
prosthesis is better than the best artificial arm that has yet been made 

SELECTING CASES IN WHICH THE ARTIFICIAL LIMB SHOULD 
RECEIVE MAJOR CONSIDERATION 

Obviousty, if gas gangrene or gross sepsis is present, the only consideration 
IS to save the patient’s life, and an amputation which nds the patient of 
mfected tissue and gives free dramage must be given prior consideration 
Whether or not it is suitable for a permanency is of little moment In the 
absence of signs of infection, due consideration should be given to preferable 
sites for amputation from the artificial hmb pomt of view Investigations 
are proceedmg regarding the time after mjury during which (in the absence 
of signs of visible infection) it is permissible to perform amputation mtended 
to be permanent At the time of wntmg it is considered that the surgeon 
who encounters a hmb, obviously non-viable, within five to eight hours of 
the mjury should be prepared to amputate as for the final fittmg of an 
artificial limb, thus shortening the period of mvalidism 
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Dahxn a Oil 

Dichloramme-T 2 part* 

Chlorinated encalyptol (Martiodale) 20 parts 

Chlorinated paraffin (Jlartmdale) 80 parte 


EE-AMPUTATIOH 

It win be seen that after the gnBIotlne amputation re amputation is 
rarely nece«ary indeed after the sepatatlon of the termmal eequeetrum 
and the covering of the wound with granulAtions if the above after treatment 
has been earned out approximation of skm edges without the sacrifice of 
more bone is the rule I have seen recently a certain number of cases where 
re^mputation has been performed prematorely leading to suoceeeive 
re-omputationB from recurrent sepsis 

Experience has tanght os that before re-omputation can be conaidered 
certam conditions must obtam — 

(а) There must be no oedema in the stump 

(б) No part of the stump must be tender to pressure 

(c) AU sequestra must have separated and the wound be covered with 

healthy granulations, 

(d) A radiograph of the stump reveals no signs of penoetitis 

At the time of re-amputatloa grannlations should be swabbed with 
pore carboUo and sealed oft by towels from the rest of the stump No 
instrument used in the re-amputation should come m contact with the wound 


PWRMAW TCTr amputation FBOH THE UMB-FITTINa POINT OF VIEW 
The best stumps are thin and conical, provided that their nutrition is 
adequate and this is likely to be the case if they ore not too long It was 
once thought that the longer the stump the better leverage was given to the 
control of the prostheeifl but this is not the case with modem artificial 
limbs Where cironlstion is poor ulceration occurs from pressure and 
friction m the socket and eipenenoe has taught us what len^h of atump 
will be most likely to stand the test of advanoing years 

Plapi — ^The total length of the flaps should not exceed the diameter of 
the hmb if they do so a pouchy end u liable to result The pouch tends to 
become filled with serum which is easily infected Moreover the eiceee 
tissue give* nse to a lax puckered oovermg From this ansee a tendency to 
urtertngo from the contact of perspiring skin surface* when confined m a 
socket It is therefore highly important that the scar should be unpuckered 
Accurate suturing of flaps of correct length to cover the stump and no more 
is ewential Before the stitches are inserted a tnal is made by approximating 
the skm edge* by tissue forceps If the flap* are too long they are reduced 
m size All redundant tissue between the skm flaps and the bone should be 
removed This apphee especially to fat as muscle will waste whereas fat will 
should be spared to prodooe a linear scar flush with the surface 
If the« points are neglected puokarod scan irill be sure to follow and 
so regulariy do they gire rise to trouble that it is advisable to eiase thorn and 
resuture before an artifloial limb is fitted 
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AMPUTATIONS 


always require re-amputation On the contrary, frequently such amputations 
on the thigh, arm, forearm and, occasionally, leg have been fitted with a 
satisfactory prosthesis 

Perhaps the most important consideration in the post-operative treatment 

is early and adequate skin traction 
The principle of post-operative traction 
was started at the J\Iihtary Orthopaedic 
Hospital, London, during the 1914-18 
war, and twenty years’ expenence has 
taught us that if it is used correctly 
re-amputation is very rarel}'^ needed 
Naturallj^ if the amputation be hut 
a temporary one, as m the case {h) 
cited above, no traction is necessar}'' 
In a high femoral guillotme amputa- 
tion, or even one in which equal flaps 
have been employed, it is as Well to 
ligate the common femoral artery 
and vem in continuity just below 
Poupart’s hgament, as secondary 
hsemorrhage is to be feared 

After-treatment — When traction is 
indicated it should be begun twenty- 
four hours after the operation Four 
pieces of adhesive plaster are apphed 
in the manner shown m Fig 784, the 
adhesion reachmg as near to the edge 
of the wound as possible Two cir- 
cular pieces are placed as shown, and 
tapes are fastened to the free ends of 
the four strips A truncated Thomas’ 
sphnt 18 then apphed and the tapes 
are tied thereto and kept taut Skin is 
elastic and by the constant traction it 
covers the granulatmg surface The 
separation of a nng-sequestrum from the exposed bone surface serves to 
hasten this end 

Dressmgs — ^For the first two or three days a dressing soaked in flavine- 
paraffin IS applied 
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Apparatus for efficient skin traction of the 
guillotine amputation Traction should he 
apphed twenty-four hours after the operation 
and contmued untd the wound has healed 


Acriflavme 
Spmt rectif 
Paraffin hq 


Flavine-paraffin 


gr viu 

f VI 

3XXX1V 


Dressmgs should be as infrequent as possible When the flavme-paraflSn 
16 (hscontmued a simple dry dressing, consistmg of a few layers of gauze, 
IS recommended after spra 3 nng the wound with Dakin’s oil Dakm’s oil 
is anaesthetic and deodorant 
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a flxod hip Both from the point of now of fitting and from that of giving 
a feeling of confidence to the patient it i« 'ven irajwrtant that the socket 
gboulcl fit B'oU and that the patient should feel that the limb in part of 
himself and that it will not fall off Disarticulation of the hip joint lea^'es 
a stump which tends to fall in and leave no bony prominences to which 
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the socket can be moulded (Fig 78o) » Even if the heed neck and great 
trochanter can be left there will leraaiQ a prominence (Fig 780) which is 
of great aemce From a hmb-fitting point of view by far the best amputa 
don is one just below the lessor troohaoter (Fig 787) The short stump U 
flexed by the ilIo-p»oaa into a sitting positjon and protrudes antenoriy 
giving a second prominence (Fig 788) Should it be found possible to 
n2iI^,riSi2?a:w* iT" ^ ^ of j t n.cr^ a co. Lot, of 
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Treatment of nerves — For sonic tinio it has been iccoiunicndcd tlint 
nerves should be pulled down, crushed, tied and divided Some surgeons 
CA’^en advised the injection of alcohol or caibohc The object of this treatment 
was the prevention of terminal iiemoinata , actually, no treatment vnll 
piOA’^ent their formation Nci'a’^cs nie A’^ciy sensitiA’’c. and any enishmg or 
injection Avill cause traumatic or alcoholic neuritis l^he final situation of 
the cut nei’A’^e-end is also important from a hmb-fittmg jiomt of vicav When, 
eventually, the patient Avears an artificial limb, the only pait of the stump 
AAliich IS not subject to pressure from the socket is t.hc end Hence it is 
better that the sensitiA''c iicrve-eiids should bo at the end of the slump, 
as no pain is jirodiiced by pressiue on the intact norvo trunk. Nerves, 
theiefoie, should nof be slioi toned or m any Avay trauma ti7cd There is 
one exception to this rule and that is the Syiiie amjiutalion, ivlioie Aieiglit- 
beaimg is expected and the ends of the nciA’’es subjected to picssuic 

SPECIAL AMPUTATIONS 

Shoulder — ^Amputations through the shoiilder-jomt IcaA^c a stiimji Avhcio 
the acromion piotrudes, and it is diflicult to fit a pi-osthesis Whcic jiossible 
it IS better to amputate thiougb the surgical or anatoinical nook of the 
hunieius, leaimig a moic sightly stump and one to Avinch a hmb can moie 
easily bo fitted 

Arm — The ideal length is S in beloAv the acromion A stuinji measuring 
less than 5 m fiom the acromion cannot bo fitted AAith an artificial arm 
contiollablo by the patient’s shoulder If the stuniji bo longer f han .'1 ni 
aboA’-o the elboAV-jomt, a good artificial olboAv caimot bo made 

Forearm — I’he ideal length is 7 to S m below the tip of the olecranon 
Four inches is generally legarded ns tho inimmum length AA'oith piesorving, 
but 1 linA^c seen many cases Avutli loss than this Avho liaAm useful funotion 

Wrist — ^Amputation tluough the AAuist is a subject of controvci'sy. The 
claim that this operation letauis tho pOAA’’or of pionation and supination ni 
a piosthesis cannot bo uphold Siinplo oxammation of an aitificial hmb 
shoAA's that this cannot be tiiic Either tho movement takes place inside 
the socket, m Aidiich case the socket docs not fit and tho arm is useless, or 
tho socket fits and tho niOA''onient cannot take place In many cases, 
especially m double amputations, patients liaA'^e doA’'oloped oxtiaordinary 
skill 111 the use of their stumps, cA’’cn Avithoiit any piosthesis, but in time a 
stump of this length becomes ill-nomished ObAoously, if it is useful it 
should bo ictamed, foi it is ahiaiys possible to ic-amputato should the occasion 
arise 

Hand — Heie conscrvatiA’'e surgery must hold the field, as, proAuded 
theie me acting tendons and movable joints, icconstvnctivo surgery can do 
much, and CA’^en one good digit can be made to ojiposo to a prosthesis Evciy 
part possible should be kept Rcconstructwo ojicrations can be considcicd 
at 1 01 sine 

The region of the hip-joint — Patients iidio hai’^o su/leicd an anipulatioii 
m this icgion for leasons of disease, such as tuberculosis, amII laioly AA'^cai 
a piosthesis, but tho healthy AAmunded should liopo to do so Tho piosthesis 
Avill consist of Avhat is knoA\m os a tilting table ” Hoic f.bo jiohns is com 
tamed m the socket and the patient Ai'aUcs Avitli a SAVing of the body and 
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a fixed hip Both from the point of view of fitting and from that of giving 
a feeling of confidence to tho patient it is ven important that the socket 
should fit iroll and that the patient sboold feel that the hmb Is part of 
himself and that it will not fall off I)i8nrtlciilation of tho hip joint leaves 
a ftnnip whicli tends to fall In and leave no bony prominences to which 
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the socket can be moulded (Fig 78o) » Even if the head, neok and great 
trochanter can be left there will remain a prominence (Fig 780) which Is 
of greet seme© From a limb fitting pomt of view by far the best ampnta 
hon is on© jnst below the lesser troohanter (Fig 787) The short stump Is 
flexed by the ilio psoas into a sitting pombon and protrudes anteriorly 
giving a second prominence (Fig 788) Sliould it be found poesible to 
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amputate by a short anterior skm flap and a long posterior flap contammg 
most of the gluteal muscles, the tuber-ischu will he weU covered and the 
patient will he sittmg in the socket on those tissues on which he is accustomed 
to sit 

Thigh — ^An amputation leaving less than 5 m of femur, measured 
from the top of the great trochanter, can rarely be fitted with a 

prosthesis givmg hip control, and it is better 
to amputate as above for a “ tilting-table ” 
if more cannot be preserved A thigh stump 
should never reach a lower pomt than 4 m 
above the adductor tubercle, as a longer stump 
interferes voth the mechanism of an artificial 
knee 

Prom 10 to 11 in measured from the great 
trochanter is the ideal length 

The hamstrmgs should be cut rather short, 
as a strong young person can be fitted with a 
stump-controUed hmb By this is meant that 
in walkmg the artificial hmb is controlled by 
the stump, which is braced back Should the 
hamstrmgs be adherent to the terrmnal scar, 
pain may be caused thereby by their pull on 
the scar A bonj^' spur will nearly always 
form on the postero-mternal aspect of the 
femur, but is of no importance provided it 
does not impmge on the suture hne This should 
be prevented, where possible, by the planmng of 
the flaps Operations for the removal of bony 
spurs are useless 

Knee-jomt — Amputation through the knee- 
jomt IS often justifiable as a temporarj'^ 
measure, and the stump can be fitted with 
a prosthesis The end of the stump is, how- 
ever, awkwardly shaped (Fig 789) and the 
artificial knee-jomt is necessarily bulky and 
clumsy Usually such cases will need re- 
amputation at a better level 

Kneeling-stumps — There are three pomts m the lower hmb on which weight can be borne — the 
tuber-ischu, the flexed knee and the heel The first is now employed m the majonty of cases, oven 
when the amputation is below the knee The last is used m the Syme’s amputation 

Certam conditions may, however, obtam where the first cannot be used — extensive scamng 
m the region, etc — and m such cases it may bo imperative to revert to the prmciples of 
Nelson’s day and fit the patient with a hmb on which he kneels , a modem improvement on the 
old wooden leg 

For this amputation a length of tibia of under 3 m is needed The soar must be placed well to 
the back and most of the gastrocnenuus removed 

Leg — For many years we advised that the ideal length of a below-knee 
amputation was 7 m measured fi-om the top of the tibia Experience 
has shown us that with advancmg years the ends of such stumps 
become lU-nounshed, and we now advise a length of 6^ m Such 



Fig 789 

Amputation through the knee 
jomt gives a bulky stump which 
IS difiicult to fit mth a satis 
factory prosthesis 



AUPDTATIOXS FBOM THE ARTIFICIAL LIMB POIVT OF ^^EW 78l 

rtompe can bo fitted as easily as the longer ones and ore more durable- 
It is very important that the fibula bo cut 1 in shorter than the tibia 
for two reasons — 

(o) To p r event cross union which always 
gives a painful stump as it interferes 
with the spring action afforded bv the 
free shaft of the fibula 
{ 0 ) To make the stump more comcnl (Fig 
700) 

The heed of the fibula should ulwaj’S be 
retained, as the bony prominence enable the 
moulding of the aocket to assist in the reten 
tion of the bmb exact)} aa has been explained 
above for the hip region 

Sjme’i amputation — iinch controvers} has 
arisen in the last twenty years about tins 
operafaon It is no longer perfonned os Syme 
originally planned it bat the idea is the sumo 
It is designed to be n-elght bearing Onginaljy 
patients who liad bad this operation were fitt^ 
witli an elephant'boot a circular leather sole 
attached to the stump by a leather bag and 
the results were very satisfactory I have 
done this operation on natives in the Pacific 
islands who had lost a foot from shark bite 
and hare seen them getting about aftorwarda 
on their uncovered stump quite satiafaotonl} 

For raviliied man however It is not sfltia 
factory It needs a prosthesis of great clomsi 
ness and the neceasarv cnoirolement of the leg 
in a leather socket which is hot heavy and 
unventflated increases the natural tendency to 
malnutrition m a stump of this length 

The result is that the heel flap bocomee dis 
placed backwards there is periostitis of the bone ends circulation becomes 
poor and callosities form Statistics published by tho Almisti} of Pensions 
based on cases from the last war show that the average jienod during which 
such cases were able to employ full end bearing (the essential of tho opera 
tion) was seven and a half years From a limb fitting pomt of new the 
Syme amputation cannot be compared with a good mid tibial amputation 
Tarsuf— All amputations throngh tho tarsus Chopart Lisfiano etc 
have m the majority of mstancea proved unsatisfactory 
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Ampvtaticai bdov tlie koM Tho 
idMl (tmap m eM ii T o ^ iiL., and 
set ' in. u fo nr^ il y 

Isote that the flbiua k ahorter 
than th 0 tibia by 1 In. 


AFTEB-TREATMEHT OF STUMPS 

In the upper limb httle or none wfll be needed The patient should be 
encouraged to mamtain all movements of his joints from the first 

In the lower limb H is important that os soon as the wound has healed 
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AMPUTATIONS 


every effort should be made to render the stump suitable for hmb-fittmg as 
soon as possible Stumps will shrink from atrophy of muscle, and it would 
be uneconomical to be forced to make a succession of sockets of diminislung 
size As soon, therefore, as the wound is soundly healed, the stump should 
be bandaged with an elastic bandage from the distal end This wdl cause 
shrmkmg of the tissues until a permanent state is obtamed The patient 
should never be allowed about on crutches with his stump dependent unless 
it be bandaged 

Massage has no part m attaimng the desired result, as mstead it only 
serves to irritate nerves, but active movements should be encouraged 


CONTRACTURES 

In fittmg thigh stumps, one of the greatest difficulties is flexion- 
contracture of the hip This is avoidable and is often due to the habit of 
supportmg a recent thigh amputation stump on a pillow On the contrary, 
the stump should be held extended by a towel held by sandbags It must 
be remembered that, if the patient is m a sitting position m bed, the flexion 
IS greater 

Patients with a below-knee amputation should be kept on a back-sphnt 
with the knee extended for at least three weeks From this stage onwards 
the patient should be m the charge of the hmb-fitters, who will attend to 
the question of temporary prosthesis, etc , under the guidance of the surgeon 
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AMPUTATIONS 


every effort should be made to render the stump suitable for hmb -fitting as 
soon as possible Stumps will shnnk from atrophy of muscle, and it would 
be uneconomical to be forced to make a succession of sockets of dimmislung 
size As soon, therefore, as the wound is soundly healed, the stump should 
be bandaged with an elastic bandage from the ^stal end This will cause 
shnnkmg of the tissues untd a permanent state is obtamed The patient 
should never be allowed about on crutches with his stump dependent imless 
it be bandaged 

Massage has no part m attammg the desired result, as mstead it only 
serves to imtate nerves, but active movements should be encouraged 


CONTRACTURES 

In fittmg thigh stumps, one of the greatest difficulties is flexion- 
contracture of the hip This is avoidable and is often due to the habit of 
supportmg a recent thigh amputation stump on a piUow On the contrary, 
the stump should be held expended by a towel held by sandbags It must 
be remembered that, if the patient is in a sittmg position m bed, the flexion 
IS greater 

Patients with a below-knee amputation should be kept on a back-sphnt 
with the knee extended for at least three weeks Prom this stage onwards 
the patient should be m the charge of the hmb-fltters, who will attend to 
the question of temporary prosthesis, etc , under the guidance of the surgeon 
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CHAPTER LXX 


HOTEIES TO THE EAR IN WAR 

WOUHDS AND TEARS OP THE EXTERNAL EAR 


T here maj be degree* of daiuago \*ar 5 'ing from olenn cat* or tear* 
to destruction of tbo wlioio of the oar In the former case carefiil 
suture with oj^oless needles oinying silkworm gut will give good 
cosmetic results If largo defects of tissue have been produced plastic 
operations are required the detail* of which are giveu elsewhere 

Infected wounds have special dangers in this region owing to the 
possibUitj of perichondritis if this occurs there may bo loss of most of 
the cartilaginous framework with subsequent contraction and deformity 
noceasitatingrepairb\ plastic methods. Tlio lino of treatment followed by the 
vTiter is excision of infooted cartUago with a margin of health v tissue by this 
means it may bo posable to prevent gradual extension with melting away of 
wide areas of cartilage 

RSMATOaiA ADRIS 

Non penetrating wounds cause ofltimon of blood with danger of infection 
and suba^uent deformity The result of such an accident appears in civihan 
hfe as the cauliflower ear of boxers 

The collection of blood should be removed b\ aspiration or b} inosion 
under stnot aseptic conditions 


INJURY OF MKTKqwAT. heaTUB 


Gunshot wounds may injure the cartiia^ous or the bony meatus as 
well as inflicting other external damage Lacerated skm edge* must be 
erased sparingly jiarticuloriy if infect^ purification is earned out with 
blmodlde of meroair m spirit 

Syringing must bo forbidden in caee there is a more deep-seated injury 
that will allow infected material to bo corned mto the middle ear or worse 
still mto the mternal ear or meninges 

Removal of dAbns and bonv fragment* is earned out by mean* of a hook 
or curette general amestheeia may b© required Attempts to restore or 
maintain srepeis suhsequentlj are made by the local use of sulphonCamido 
powder or the instillation of drop* of mercury perchloride (1 4 000) m 
glycerine twice dafl\ if suppiuation has commenced a short course of 
sulphonamide tlierap} by mouth is desirable 


The muwfle may have penetrated the mastoid process or the direction mar 
be such as to fracture the roof of the meatus or middle ear thu* tlirowinfl 

the raen^ mto communication with the extonor Cerebrospinal fluid will 
c«al» from the ear m reoh com, if the dnra « tom (Ke Fig 703 p 705) 
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INJURIES TO TKE BAR IN WAR 

•Qe WuiT Ij more m»tAed In the «r directed toTOd* tJ» lito ^eipWoa ° ,VJ!i 

If UUtenU it !■ U»e vtmnr t*r whk* Bincn the jrentor U*miae. Ho Injory may bo bUateral and 
•ymmotrioal If tbo aobject ta tn a cloaod room, a ilwiter of • dog-ont. 




786 OTOBHI^"OLARyXGOLOGY IK RELATION TO WAR INJURIES 

It IS possible for the faeial nerve or the internal ear also to be damaged , 
these complications ivdl be referred to later 

If the wound is deep the result may be fatal, from mtracramal com- 
phcations 

In the cartilagmous portion, heahng by granulation has the disadvantage 
of contraction A\nth atresia , it is important, therefore, m addition to other 
measures, to prevent narroAving by the apphcation of silver mtrate (10 
per cent ) or jiure chromic acid to granulating areas 

It IS sometimes necessary when sepsis has subsided to employ skm graft- 
mg, not only externally but also to restore the lumen of the meatus to its 
ongmal size The graft is held in place on a mould 

If the bony meatus is damaged, it is essential to remove detached 
fragments of bone, pieces of metal, soil or other debris as early as is con- 
vement An operation for removal of cells in the mastoid process, 
with removal of part or the whole of the posterior meatal waU, may, at a 
later date, be requued as a means of lAudening the meatus , it may be 
possible to conserve the t^’^mpanic membrane and ossicles 


INJURIES OF THE MIDDLE EAR 

Damage to the middle ear in warfare may be caused by changes of air 
pressure or by the penetration of extraneous objects and missiles 


INJURY BY CHANGES OF PRESSURE 

Causation — Dunng the 1914-18 war and still more m the present, many 
cases of this tj’pe have arisen , the development of high explosives has 
mcreased the incidence 

The change of pressure causing damage is usually m the positive direotion and may be brought 
about in several ways A blon on the car can rupture the membrane by propagation of a wave of 
compression, similar to a pneumatic ram The blow can be given while the meatus is full of water, 
as m the case of a swimmer w ho receives a kick on the ear , the membrane may then bo tom aw ay 
over half its attachment 

(Sudden changes of altitude may cause damage varymg from simple hyporamua to rupture of the 
membrane Cases are reported m w orkers under mcreased pressure m caissons , more occur m air- 
men, particularly when power diving with inefficiently actmg Eustachian tubes Injury to the car 
is not necessarily associated with all such sudden dives, provided the air pressure on the two sides 
of the tympamc membrane is equalized by openmg of the tube , swallowmg efforts may be necessary 
to adjust the pressure 

An important faetor is blast, cither from the explosion of a gun or a high-explosive shell or bomb 
Bursts of sharp and sudden type produce the most damage, such as those produced by hght 3 5, by 
4 7 or 6 in guns and by high-explosii e aenal bombs Associated with the blast, there may be 
effects due to wind pressure also Blast is equalh distributed in all directions, while the effects of 
wind are felt only in the direction of the projectile 

Blast consists of two phases, one short and sudden, of positiv e tjqie, duo to compression of air, 
and a second, of longer duration, from rarefaction dunng the stage of recoil The former is of higher 
degree than the latter, but either can cause mjuiy For example, the waUs of a house sometimes 
fall outwards when subjected to blast, and a window may first bulge in and then burst outwards 
towards the site of explosion 

In the case of the tympamc caMtj , it appears that the effects are due to the compression wave , 
this supjxisition IB supported by comparison with the known effects of blast on the lungs 

The direction of the wave, whether of compression or rarefaction, reaches the tympamc cavity 
by one of two routes That through the external auditory meatus is the shorter and more direct, 
although of a somewhat tortuous nature in most individuals The second, by way of the nose and 
Eustachian tube, is longer, narrower and more demons Wind pressure effects would be felt mainly, 
if at all, through the former route 
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type Tliero may bo high pitched tinmtuB of tempomry or possiblr of 
persistent charoctor although this snuptom is not universal 

Swallowing may cause disappearance of these symptoms in slight cases 
If the damage is considerable pain is felt but this is usuallv slight and 
transient 

Giddmeas ma} bo noticed, poasibh associated with nausea or yomitmg 
end followed bj staggering or even falling 

It IS noticeable however that many patients oven with ruptured 
tympanic membranes do not oipenence an\ marked aural symptoms 
possibly because their attention is otherwise occupied 

Deafness m varyuig degrees foUowB the mjoiy In cases of dean-cut 
perforation of the membrane it is usuaD> slight where there is effusion into 
the tympemo cavity without rupture of the membrane it is more obnona 
Somohmes the first and possibly the onlj obvious abnonnahtv noticed 
by the patient is the presence of blood at the entrance of tbo external auditory 
meatus be may feel some abnormal sensation m the ear and on putting 
Ills finger up to ascertain the cause notices that it is blood stained. 

If the membrane is perforated air jnaj be heard by the patient whistlmg 
through when he blou-s hia nose to this sjTnptom ho will pay particular 
attention 

OHnleal figut-— The mjurv to the ear is often overshadowed by other 
and more severe damage elsewhere either as the result of blast or from direct 
injury The patient ma; suffer from concuasion and remain unconscious for 
some hours It u Important that the damage to the ear should be discovered 
and doalt with at an earl^ date and therefore it is wise to etaimne the ears 
m anj suspicious cose An oleotno aunscope is convenient for the purpose 
In mild case* there is no more than dilatation of veseela radiating down 
the handle of tho malleus and over the suriaoe of the membrane Depression 
IS present in some cases from obstruction of the Eustachian tube 

Effusion IS seen as a dark area behind the membrane with a concave or 
possibly a straight upper hmit (Fig 791 (3 L)} If the patient has lam m bed 
after the accident the hue of fluid is horizontal when he reclmea and obhqiie 
when he ate up Darker areas m the zone of effusion indicate collections of 
coa^lated blood 

ilore severe damage is recognized by the presence of dark blood m tbe 
external auditory meatus or on the surface of the tympomo membrane 
(Fig 791 (2, 7 8)) 

Perforation is common but may at first be difficult to define owing to 
tho presence of coagulated blood which closely resembles dark cerumen 
When tbe perforation is extensive It may be possible to detect clotted 
blood in the tympamo cavity (Fig 791 (13 R)) 

The perforation appears os a round or elliptical defect usuallv with 
^lean-cut margm (Ilg 791 (1 0 U)) but m other cases with roned-over 
red and thickened edges sometimes inverted or everted (see Fig 792) The 
rupture IS seldom marginal In a few instances, however there is a hnear 
rent or even tearing away of the membrane from the tjunpanio rmg possibly 
over a quarter of its carcumfarence The detached segment flaps with changes 
ot applied through Siegle s pneumabo speculum '\Ianv cases show 

remarUble absence of reaction tbe jKjrforation resembbng one of some rears 
87 
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Pathology — Changes of pressure may do no more than produce dilatation 
of vessels on the tympanic membrane With greater mtensity of action 
there is general hyperaemia m certain areas, with outpourmg of sangumeous 
secretion into the tympanic cavity , this effusion is piobably due to rupture 
of vessels 

The effused secretion collects behmd the membrane in the most dependent 
part, varymg with the position of the patient (Pig 791 (3)) 

If the mjury is more severe, the tympamc membrane gives way, either 
at some spot on its surface (Pig 791 (14, 16)) or at its attachment to the 
tympamc rmg (Pig 791 (13, R)) In cases of shell or bomb blast the former 
is the more common type of damage 

It IS surprising to note the hmited degree of pathological change in 
many instances the untorn segments being of normal colour. With almost 
complete absence of reaction in their blood vessels 

The hmited area of the tympanic membrane which gives ivay, and the 
clean-cut appearance of the margins of the perforation, are reasons for 
behevmg that the damage is effected by a narroiv column of compressed air, 
concentrated in part by the funnel shape of the external auditor}^ meatus 
The margms of the perforation are sometimes everted, presumably by the 
suction action of the wave of diminished pressure 

If the rupture were entirely due to suction action, the effects might be 
expected to be diffused over a wider area, vath probable detachment of 
the membrane from the tympanic rmg 

Prevention — With the above considerations in mind, it follows that an 
efficient method of prevention is reduction of the lumen of the auditory meatus 
This IS sometimes naturally effected by a plug of cerumen of a size sufficient 
to cause considerable, although not necessarily complete, obstruction 

The wearing of tubular vulcanite or hard lubber ear defendei’S, the 
aperture m one type being covered with fine-meshed metallic gauze with an 
intervening diaphragm, is said to give good protection agamst blast vathout 
mterfering with powers of hearing A variety of sizes must be available An 
adjustable plug of soft rubber or some material similar to plasticine, preferably 
Avith a groove on one side, to prevent nse of pressuie on insertion, is effective, 
although those made of oversoft material are difficult to insert correctl}'^ 

The wearing of cotton-ivool plugs, smeared with soft parafiin, may bo expected to give some 
degree of protection, although to a lesser extent 

To protect the ear against pressure waves duo to tlio disruptive effects of blast, the plug must 
fit tightly , there is then the disadvantage of redueed hearing capacity for speech, which makes 
communication difficult Moreover, the insertion of a tightly fitting plug will depress the tympanic 
membrane by raising the air pressure in the external meatus 

Ear plugs may drive cerumen mto the deeper parts of the meatus, from which it may sub 
scqucntly require removal , plugs of v, ool may be lost temporarily, until retneved after otological 
oxammation 

Irritation of the meatus by prolonged vearmg of plugs should bo prevented or rohoved by the 
apphcation to the surface of the obturator of tluck oil consistmg of unguentum hydrargyri nitratis 
ddutum (1 6, 1 drachm) and ol amygdalm (1 oz ) 

The mouth should bo kept open vhen oxjiosed to blast, to allow a compressing uavo to 
enter through the Eustachian tube to counterbalance the pressure in the tympanic cavity to a 
certam extent 

The car defenders referred to are not effective against the upsetting lov -pitched rumble associatcu 
V ith explosions 

Symptoms — Sudden changes of pressure applied to the tympanic 
membrane produce a sudden sharp noise in the ear, sometimes of an explosive 
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Application of flltornfito suction nnd coniproesjon enables pus or bubbles of 
air to bo drawn through the perforation thus defining its iiosition and extent 
Some cases of mpturo due to blast liaro d^bns earth, oil or other 
Bubstances m the meatn* as a coincident although not necoesanly as a 
causative factor 

Piogrtn — If correctly treated the majonty of cases should follow an 
afobnle and uninfected course Blood is gradtialli absorbed from the 
tympanic cant) or else la removed bv cdiarj action 

linear tears heal rapidly without ciCHtnmtion and a perforation even if 
extensive mai close (Fig 7D2 (D)) A tlim dcatnx is formed h\ the epidermal 
and mncosal layers in such a case the middle or fibrous lajer does not 
regenerate 

Some imtrcated cases, or those jmpropori\ dealt with ma^ progress to 
infection of a imid and usually afebnJe type 

Backward spread to the mastoid antrtim and air cells is a posaiblo, 
although luckily an unnsual complication 

Tlie presence of nasal or nasopliaiymgeal sepsis is a factor predisposing 
to infection of the middle car 


TBEATMOTT 

’VIaikteaaaoe op AHtirsis — Tlie prunery desideratum is to prevent 
mfection of the tvmpanio enntj This la nomiall) sterile and bo is the 
deep part of tlie external auditon meatus Infection may enter by one 
of two routes the external meatus or the Eustachian tube The former 
harbours bacteria at Its entrance whore hair foibclea and cerumen giro a 
homo to manv organisms including aome of patliogemo propensities This 
region must theroforo be purified bj thorough cleansing combined with 
removal of cerumem 

In our opinion it is advisable to use a solution of blniodide of mercurj 
in spint in a strength of I fiOO The external ear and entrance of the 
cartilagmous meatus are carefully ponGed corumen being removed by 
meftiia of a amall hook or a wool-tippod probe soaked in the antiseptic 
eolation this procediiro preaents eorae difBoulti and most be earned out 
under direct vision by some ono of ax])enenc© 

Fluid should not be allowed to enter the deep meatna or to paw into 
the middle ear dryness of these regions w a powerful factor m maintaining 
asepsis In this respect the dehydmting effect of alcohol on the skin is of 
particular value 

If the meatus contains infected d^bna, it is neceesarj to clear it under 
direct vision using a wool tipped probe or a small wide-ongled hook 
(Cawthome s pattern) 

Uninfected blood clot should bo loft alone , it doe* no barm and will 
slowly disappear Attempts to remove it will onl) force some back mto 
the tympanic cavity through the perforation, whence it cannot bo expelled 
infection may follow its introduction 

Synngujg must be forbidden absolutely There is considerable danger of 
mfectmg middle ear and, if * &«ctnre of the base of the skull, with 
tearing of the dura is present bactena may be carried into the subdural 
spaces 
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duration Previous attacks of inflammation are undoubtedly the cause of 
the rupture in a certam proportion of patients, m Avhom there has been a 
persistent perforation or a fnable cicatnx The position of the perforation 
IS usuall}^ in the inferior segments and, m our experience, more often anterior 
than postenor (Pig 791 (1, 2 6, 12, 13, 14, 15)) The reason would appear 
to be that the antero -inferior segment hes over the Eustachian tube , blast 
IS able to drive the membiane inwards into this unsupported area and thus 
to tear it (Fig 791 (2, L, 10, P 12)) Other parts of the membrane are 


A B 



Tig 792 

Traumatic rupture of tjmpanic memljranes inth infection 
A and B shoii the condition tuo months after mjur} by a land 
mine C and D ucre made six %vecls later, -when the ears 
uere drj and the perforations healmg 

driven agamst the promontory or are partially supported bj’’ a cushion of 
air betvoen the inner and outer waUs of the tjnnpamc cavity 

Altemativeh , if the rupture ii as due to the suction n ave the effect u ould be more readilj felt 
over the Eustachian tube than elsewhere , the wave of rarefaction m the short external meatus must 
precede that passmg through the Eustaehian tube The pull towards the auditory meatus might 
well comcide wuth the push of the compression wave, amvmg rather later through the more lengthv 
nasal passage 

A perforation m the superior segment of the membrana tensa or in the 
membrana flaccida is probabty due to jirevious mflammatorj^ ehanges and 
IS not attributable primanty to mjurv 

Deafness is of middle-ear t 3 ^e as recognized b 3 ’' the negative Rinne sign 
and bv localization of a tumng fork apphed to the vertex, towards the more 
seriously affected side 

The question of associated damage to the mtemal earv lU be dealt vath later 
Cases of some duration ma 3 ’ show signs of infection, vath collection of 
muco-purulent or purulent secretion m the meatus (Pig 792 (A, B)) The 
use of Siegle's pneumatic speculum is of considerable advantage, as the 
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If diacharge peraiats after two weeks it may bo necessary to cleanse the 
ears by syringing with mercury perclilonde (1 4 000 watery solution) 
care must first be taken to exclude the possibiliti of fracture of the base 
of the skull 

Sulphonamide is giyen for the first few dai-s m cases of suppuration 
\s there may be infection with staphylococci in addition to streptococci 
or pnenmocooci sulphathiasol© (tlilaianude) may be used a swab is taken 
to determine whether the correct chomothempy has been chosen 
The treatment of spread to the mastoid process is dealt with later 
Pitt may be seyere at first hut seldom persists If tho tympanic 
membrane is mtact it la pemnssiblo to use drops of phenol (5 per cent in 
glycerine) Anolgesica wiD liowevor suffice m most oases thus ayoiding 
the possible dangers of mfoction there are definite contraindications to 
the mstillatloa of fluid when perforation has occurred 

After rupture of tho membrane there is no distension of tlie tympnino 
cavity and therefore pain is not a prominent symptom 

Deaftess — In coses where the mobihty of tho membrane seems to be 
impaired after healing has taken place the tympanic caviti ma\ be inflated- 
It is wise however to delay m order to avoid the poasibOities of infecting 
an otherwise sterile middle ear 

Eustachian cathetenratlon is employed but never while nasal sepsis is 
present 

Befolti — Rupture of the ty^npanic membrane causes some diminution 
of hearing this is most marked soon after the injury from effusion of blood 
If healing takes place without mtervening sepsis there may be only alight 
deafness the nsual site of perforation being one that does not interfere with 
the movement of tho ossicles or of tho posterior and superior segments of the 
tydupauio membrane in the region of the stapes 

Nothing can be done actively to accelemto heahng Infection in)l, 
however delay healing and this will bo avoided by continuation of 
precautions against it 

If catarrhal or suppurative otitis media follows perforation the prognosis 
for hearing is not so fevourable owing to the probability of adhedons m 
the tympamo canty and of partial or complete fixation of the osaiouJar jomts 
Spread of Infection from the tympanic cavity to the mastoid antrum 
and air ceUi — If the simple aseptic preoautions detailed above ore earned 
out assiduously and for a sufficientlr long period the incidence of otihs 
media will be low and consequently infection of the mastoid antrum and 
air cells will be rare 

If backward spread of infection dooe occur with retention of inflam 
raatory secretions m mastoid air cells possibly associated with tho fonuation 
of granulations suppuration may contmue mdeflmtely the more so if 
there is breaking down of intervening cell walls with the production of 
coalescent cavities The process is usually afebrile and pamlees but poasibU 
there iTia\ be tenderness over the mastoid antrum and tip of the mastoid 
process associated with pjTeaoa and aural discharge Sulphonaimde 
th^py may bo effective in acute or subacute cases in leading to subsidence 
without operation lack of nocessiti is one reason therefore for postponing 
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]n cases of iraumatic nipfiue, syjinging js nie/Teciive, as it merely dnvcs 
bacteria inwards and cannot ])ossib]y cleanse all the recesses of the middle car 
Foi similar reasons the use of antiseptic diops m uninfected eases is 
contiaindicatcd 

A plug of steiilo wool is inserted into the affected ear , it is changed 
twice daily, and before replacement the oxteinal oar is swabbed with spirit 
If a complicating fracture of the base is suspected, a larger sterile dressing 
and bandage are used 

Infection thiough the Eustachian tube is unlikely unless thoie is sepsis 
in the nasopharynx Jt is essential in all cases to warn the patient against 
forcible blowing of the nose, especially if he sulTers from rhinitis If it is 
nccessaiy to clcai the nose, only one nostiil must bo closed at a time and 
no force used ftnitring is piobably safei as a means of lemoving secretions 
If ihmitis IS piescnt, steam inhalations nie given two oi three times 
daily , a solution of menthol (9 gr ) with tinet benzoin co (] drachm) in 
a ]nnt of steaming watei is satisfactory 

Infection of the jiaranasal sinuses requires investigation and suitable 
tioatmont 

Nasal douching must bo foi bidden m all cases 

A full prophylactic com sc of sulphapyridmc (M & B 003) should he given 
for tlnec days in cases with peiforation 

Eeeusion wj'J'jiou'J’ perforation — I'he presence of fluid in the tympanic 
cavity lequircs the precautions outlined above The absence of obvious 
perforation is no reason foi lelaxation of attempts to maintain asepsis 

Haimorrhagcs on the tymjiainc membiane arc similarly dealt with , their 
piesonco may hide a rent in the tympanic membiane, thiough which infection 
may entei, especially if they aio distuibed by manipulation 

An effusion will probably absorb or bo icmovod by ciliaiy action If 
still unchanged after two or three weeks, and if hearing is much impaned, 
inflation with a Eustachian catheter may be emjiloyed Paracentesis is 
not required to expel the fluid , the dangci of infecting a sterile collection 
of fluid IS a strong leason for avoiding this operation 

Infection of tympanic cavity — If the precautions detailed above are 
carried out sedulously, practically all cases will follow an aseptic course 
Neglect or undue interference will undoubtedly lead to infection in a 
proportion of cases, by allowing, or oven encouraging, entrance of bacteria 
into an otherwise sterile tympanic cavity 

If infection has taken place before the case is seen, differ ent treatment 
must be adopted 

There ■will be discharge of muco-purulent or purulent type, possibly 
blood-stained Pam or tenderness are unlikely signs , the infection 
generally runs an afebrile course and does not take on the characters 
of acute otitis 

Fig 702 depicts sucli a condition Tlio patient had well established suppuration on admission 
to Jiospital JVogress was slow and moh retarded by cJironie rliinitis Die eventual result vas 
satisfactory 

Discharge is removed by gentle mopping and not by syringing, during 
the first two weeks of its course Drops of perclilorido of moicury (1 4,000 
in glycciine) instilled warm twice dail^-^ aic recommended 
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FRACTUBE OF BASE OF SKULL IHVOLVINQ MIDDLE EAR 


Tlie fracturo line ma\ pass throjigh the roof of the extemaJ meatus or 
maj involve the mastoid antrom or tvmpamc caviti (Fig 793) Bleeding 
from the ear is charactenstio and la m moat cases an mdication that the 
tympanic membrane is tom thus allowing escape of fluid from the 
middle ear 

If the dura mater is tom there raa\ be escape of cerebro-epinal Ami 


appeanng as a waterv discharge from 
the ear at first blood-atamed and 
subsequenth dear 

The injon Is not of itself of such 
immediate danger oa ia the nsk of sub- 
sequent infection and meningitis 

Syr ing ing must be absolirtelv for 
bidden as being an effective means of 
precipitating Intracranial infection It 
Ls advisable to give definite orders that 
no injnrod ear la to be svrmged without 
bpeciaUat oplmon and consent 

The external car and entrance of the 
meatus must be purified effiaenth 
It is essential not to attempt the im 
mediate removal of blood clot but 
nnv extraneous d6bna mast bo gentK 
scooped or mopped out A stenie 
dressing is apphed to the ear and kept 
there for ton to fourteen daj-s at least 
In most cases the cleft in the base 
heals and no more cerebro-spmal fitud 
appears Even in cases with no injurv 
to the dura the fract ore Ime may remain 
open there is then a jirobabihtj of 
subsequent inward spread of infection 
if otitis media develops even after the 
lapee of years A radical mastoid 
operation la indicated m sucli coses 
Result* — The degree of deafnws 
if anv will depend on the extent of 
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mjuTV to the tympanic membrane on fixation of ossicles and on the poMi 
bihtv of involvement of the cochlea a qoeabon to be discussed later 


OOHPOtnCD FRACTURE AICD PEKETRAIIRG WOUHDS OF THE 
MASTOID PROCESS 

A TOttllio projectae or a foreign bod\ auch as a piece of n ood or a stone 
mar fcictnre or enter some part of tlie mastoid proceu There mar be 
associated rn^re of the trmpanie membrane The enidinal srmptoma 
are shock and posaiblv kw of conscioumeas usimUr foUorred bv dea&esr 
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There is a further factor, Jiowevei, tliat must influence the surgeon in 
deciding the question of operation, and that is the danger of early mter- 
ference It must be stated dogmatically that an operation for uncomphcated 
acute mastoiditis should not be performed sooner than ten days after the 
onset of infection , the optimum period is during the third week 

The patient, if he develops high temperature, must be treated during 
the first two weeks as a case of septicanma 

iSulphonamide is given m fuU doses usually for tliree, but possibly for 
eight, days 4 tablets (2 gm ) of sulphapyndme (M & B 693) as a commence- 
ment and 2 tablets (1 gm ) four-hourlj'^ afterwards , if vomitmg is caused b}'^ 
oral admmistiation, a change may be made to sulphathiazole (thiazamide) or 
to mtramusculai injections A siVab is taken to determme the nature of the 
orgamsms if stieptococci alone are present sulpliaml amide (prontosil) maj^ 
be prescribed 

After three days, and again after one week, a blood examination is made 
to exclude leukopsema If this occurs, mjections of pentose nucleotide 
(0 7 gm mtramuscularly) are given daily for three or four days 

Secondary ansemia is treated by one or more transfusions of blood , and. 
for severe toxaemia, injections of antistreptococcal serum (20 to 50 c c of 
anti-scarlatmal serum) are required 

The only mdications foi a mastoid operation before the end of the second 
week are (a) a subperiosteal or subcutaneous abscess belimd the ear or m 
the zygomatic region, (6) mfected tlirombosis of the lateral smus, as 
evidenced by rigors and tenderness in the neck 

If suitable treatment is carried out the general condition of the patient 
should improve and the discharge from the ear should become thicker as 
reaction appears An operation at this stage will be found to proceed 
smoothly, with absence of comphcations and with firm heahng 

The cases that require operation are few m number, and m the majority 
there is an absence of acute signs or symptoms 

PENETRATING WOUNDS OF TYMPANIC MEMBRANE 

Theie is httle difierence between ivounds of this tjqie and those due to 
sudden changes of pressure The symptoms are similar The diagnosis is 
made by the appearance of blood in the external meatus and by the discover}' 
of the causative foreign body 

The perforation tends to be ragged at its margins and not clean-cut, 
as m nearly aU cases of blast 

There is hkely to be diffuse hyperaenua of the tympamc membrane 
Associated mjuries of the external ear, the external meatus, the mastoid 
■ceUs, or the mtemal ear add to the gravity of the prognosis and call for 
appropriate treatment 

After the external ear and meatus have been punfied as descnbed above, 
any foreign body should be removed, if necessary under general anaesthesia 
The insufflation of sulphonarmde powder or the mstiUation of drops of 
mercury pei chloride in cases already mfected (1 4,000 m glycerme) are of 
iLse in combatmg sepsis 

The treatment is in general smnlar to that of rupture due to blast 
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FEAOTTJEE OP BASE OF SKULL INVOLviHQ MIDDLE EAB 
The fract\ire Une meN paw through the roof of the exterual raeatus or 
Tua^ Olvolv® tile mastoid antrom or ts-mpamc caviti (Fig 703) Bleeding 
from the tar is chanictenstlc and is In most cuses an indication that the 
tynipanio membmno is tom, thus alloinng escape of flmd from the 
middle ear 

If the duHi mater tom there mA\ be esoape of cerebro-spmal fluid 
appearing aa a waterr diacliarge from 
the ear at flnrt Llood-etamed ond 
subsequent!) clear 

The injury is not of Itself of such 
miniediato tlanger aa is the risk of anb- 
sequent infection and meningitis 

Svnngmg must be abaolutcli for 
hidden as being an effectire means of _ 
precipitating intmcramal infectiod It 
H advisable to give definite orders that , 
no injured ear is to be swinged mthowt 
specialist opinion and consent 

The externa! ear and entrance of the 
meatus must be punfled efflcienth 
It IS essential not to attempt the Im _ 

mediato removal of blood clot bnt , ,, , 

anv extraoeoaa dibris most ho gou.lr 

wwoped or mopped out A stenle nf tU*kBii. 

dreesuig is appli^ to the ear and kept LCocUm TheotLcrpartioftWlmmial 
tliero for ten to fourteen davs at least ^ 

In most caf*e8 the cleft in the base ^involrpd. 

lieals and no more cerebro-apmal fluid B,Miiliertr The frMtnre line ro*vj»** 
appears Even in casca with do Ininix ”11'* 

j si. f , I ^ nuD-«nlri. TbetvmpnnlcmefnbrtD#^ 

to the dura the fracture Imo may remain h i»bi* to mptnrr in the ■ntrn> 

opeu there is then a prohahttitv of inlrrtc* c* »nttTO«xtertoc 
sub^uent inW spread of infection c. Lu,. , a b.a^ 

it otitis media develops even after the bur dof» not pf cgwi>rflj' w*d to inft^ 

lapse of years A radical mastoid thh regfcm b Dorin«iir*tfriip 

operation u indicated in such cases 

Besults — ^The degree of deafriess o 

jf any mil depend on the extent of > 

injurj to the tjTiipamc membrane on flxation of osaicics and on the pcx - 1 
bihty of involvement of the coohloe a question to be disenssed later 


COMPOUKD PBAOTUEE ABD PEHETEAHHG WOUHDS OF THE 
MABTOID PEOCEM 

A^tallio iirojectile or a foreign bod\ anch as a piece of nood or a stone 
mai fra^re or enter some part of the mastoid process There mav be 
aasDciatrt rupture of the tympanic membrane The cardinal symptoms 
are 8hock and possibK loss of conseiousiiess ustmllv foUoired bv deafnes< 
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and sometimes by vomiting and vertigo, with signs of nystagmus or facial 
paralysis, according to the site and extent of injury 

It IS desirable to operate as early as possible after treatment of shock 
and preparation of the patient The affected area is Avidely shaved and 
the slon is purified, first by scrubbing witli ether soap and then by swabbing 
vnth ether, followed by bimodide of mercuiy in spirit The edges of the 
wound m the skin are excised if severely biuised oi lacerated , loose fragments 
of bone and any extraneous objects or d6biTs aie lemoved, and hremoiThage 
IS arrested 

Opmions differ as to liow much more should be done , some authorities 
recommend the opening of all the mastoid air cells 

Our own advice is conservatism, piovided the above recommendations 
have been carried out 

Bone edges are smeared with iodoform to prevent osteomyehtis , the 
Wound IS lightly packed vath lodofoim gauze oi with sulphonamide No 
extensive operation is performed at this stage The skin is left misutured 
and freely open , a full couise of sulphonamide tlieiapy is given for three 
days, or more if there is jiyrexia 

After the lapse of at least ton or preferably fourteen days, a more extensive 
removal of the air cells is carried out It wiU probably be necessary to 
perform a clearance similar to the cortical mastoid operation, but the ei^nt 
of the wound may necessitate extension of the operation m various directions, 
possibly beyond the margms of the external auditory meatus 

In the last war the mortahty from wounds of the mastoid process was 
lugh , the mtroduction of chemotherapy should now dimmish the gravity 
•of this type of injury 

INJURY TO FACIAL NERVE 

In certam cases paralysis of the facial nerve is present , if the injuiy 
IS severe it will cause complete paralysis of one side of the face, and recovery 
may be m doubt The neiwe may be damaged m its canal , if the injurj'^ 
IS high up m its course there will be loss of the sense of taste m the tongue 
on the injured side, from involvement of the chorda t3Tnpam neive 

The damage may, on the other hand, be mflicted on the nerve aftei it 
has left the stylo-mastoid foramen, and only one branch may be affected 

Spontaneous recovery follo^vs ui some cases, but if there is delay it may be decided to expose the 
nerve , tlus procedure should lead to recovery unless there is an actual gap In such a case a graft 
taken from the external cutaneous nerve of the tlugli must bo inserted to restore contmuity 

If division has taken place outside the skull, diroot ond-to end suture may bo possible If the 
£ap m the divided nerve is too ivide to allow of direct suture, a graft may bo used to bridge the 
■deficiency 

TRAUMATIC DISTURBANCES OF THE INTERNAL EAR 

Causation — Loss of hearing and otlier symptoms of mternal-ear type 
occur m some individuals who have been subjected to loud noises, either of 
temporary or prolonged duration Repeated short, sharp explosions are 
those most hable to cause damage The discharge of a gun or the burst of 
a shell or bomb may be the causative factor , a similar result may be produced 
by the noise of a shot-gun, as noticed in some who have shot consistently 
for j'^ears 
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Am irtti tnlurr to the tyapeJilo metnhrtne, eo In Uih cood l tloa the eer »*wt to the ewkei® 
men J pnwi diot* Qotfae e jiap toca acn markedly tn the lefi ear If they fire tnun the right 
ihooldor Not only may eanouaton efFwti, aMrlnj thrwjgh the eittrnal meatnt. c«ae riffW aad 
lymptome. hot faitay may be dw to traMoJUfaft J rWettce throti^ the •fcuU from netgh 

iifiTinr reg km inch M tlio ocdput, aa the reaolt of a blow 

piSioIocy— Tl* perilymph aod endolympb ■yatoflu are aerrefally ccntiinii»a thrwiflliorrt the 
dtr^STof J» tnWrtaJ ear throogh ■onlctojalaf canal*, otrrole aaeCTile and eoefalea. It follow*, 
Utfrefore, that ■ymptew and rigM appear fa the variola compooenti. ariafa* from a commoo eaw* 
nlfhr^ there ti erldeoce to itow that the organ of Cortl la mere eoacoptlbie to prcaanre chaagea 
thaatoe readbokr etai orgaa Tlwre may be actual damaffl to the auditory aerre from miirate 
bamofThage* or from rrdema : In extmoe caae* there are no doubt hiemorriiaffea or efforion Into the 
p e f t ljm^ Ji or eodolymph ayrtema, or poarfWy dantage to the aeoaltlTe fllrc# of the coebba or ampoli* 
of tiu ■enddrmlar oaaaK 

It h known that patlecta who have vnSord from the rSeeta of blait. without estemal tejorr 
may bavw blood fa tlw eerebro-apfaal ftaM ftwtem or hrmonhaM fa the hmA 

The pCMfbiOty of efftoksi of Mood hito toe kbyifatb ia. oo thlt erldnice oeytiid dtfpote 


Symptomi — SDght traumatism roa> do no mo-e than deprees the fimction 
of brmnng whfle at the Same time prodnemg tinnitus of high pitched type 
this ifl usuaflj more marked m one ear More severe injury particularlj' if 
there IS htEmoniiage into the labyrinth or damage in other neighbouring 
regions gives rise to symptoms of shock foUowerd by vomiting with vertigo 
and Instabflity The patient will later b© unstable m walking but wiU 
gradually recover his ©qinUbnom Symptoms such as these might at first 
right be attributed to injury of the cerebeUum , m otitio case* the associated 
dea&ees suggests the correct ditgnosis. 

Slgni — Examination may fail to reveel signs of injury to the middle ear 
the tympATuo membrane bemg unaffected and the Eustachian tube un 
obstructed There may on the other band be associated lesions in the 
external or middle ear or in the neighbouring regions of the skulh 

Deafness is of Internal-ear type with greater diminution of perception 
for high than for low tones This makes the beeiing of a whisper relatively 
more difficult than that for ordinary oonrersatioruil voice owing to the 
sibilant character of the former 


Tie uml cfauweteririle of InUnul-ewr de&faew h pwecnl, nwiariy dbnfaurttcn of aieofato be®® 
caadneUcB A twnfag fork of J»— b repowtedly appOed to tbe ui**to(d proc^ tmlfl ao bxiMT 
pg f o d ro l by tbe pttiOBt, wbo« ertrtml tadHtwr mewtra mn»t U rioied. GjmpwnKO 
wlto»ii£»Ta*Jfadmdn*l,» bow n»o*to**l*>b closed. Sbortenlngrf the period criperwptfaofadfcwte* 
dlminntiMi of eoddewr {sactica. Webert test b slao larfal s tiaifaf fork ctt tl» wtei b 
iewfd more loodly fa the better ssj* 

Tests esa slao be csiiiod oat with s mcsioeord sod *n wiidfcsMter With the fiwmer tlw hub tone 
limit b fbood to bo deproseed, whOo tbe fatter shome wdstirely greeter dimiiiirtloa of pereetS® frr 
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tt, ■oujub tntoabd for tb, aJfeofod CM Md » bw bnjTOidm of the beirfn, win bo 
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of Tcrtleo tod incoorfhi.a«L ei,n> of .ad pMt ptfSoi m 
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ofa^ It Ifalto* U» oocblu, noth, 
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Prognosis — Traumatic mternal-ear deafness of mcomplete type may 
recover, even if effusion has taken place , complete loss of function wiU, 
however, nevei improve 

Tinnitus of severe type usually disappears, but a high-pitched hiss may 
persist 

Vertigo and instabihty disappeai entirety, but sometimes only after the 
lapse of several months 

Treatment is ineffective in restoring bearing, but something can he done 
to reheve othei symptoms Luminal is useful in amehoratmg tmmtus and 
vertigo , scopolamme may be tried in severe cases Bromides vull dimimsh 
timutus, but their depressing effect is a drawback 


FRACTURE OP BASE OF SKULL INVOLVING THE INTERNAL EAR 

A fractme into tlie lab3Tmth causes hmmorrhage and disturbance of the 
perilymph and endolymph sj^stems (Fig 793 , p 795 ) Complete deafness 
of inteinal-ear tj^e is to be expected Vertigo is produced, but if the patient 
recovers it disappears latei, when accommodation to the stimulation of a 
single lab3umth has been estabhshed 

If the fracture extends, m addition, into the middle eai and otitis media 
IS piesent, there is danger of lab3n'mt]nne infection , and if the external 
au^toi3’' meatus is throwm into commumcation, owing to rupture of the 
t3mpamc membrane, the danger of inflammation is still gi eater In such 
cases there ma3^ be escape of cerebro-spmal fluid from the ear 

Treatment consists in mamtaming strict asepsis of the external ear and 
auditory meatus, and in avoidmg syxmgmg , it also entails the prevention 
of spread of infection from the nasophar3mx by treatment of rhmitis, and 
also b 3 '’ avoidance of nose-blowing or of nasal douchmg Sulphonamide 
treatment is essential m aU such cases 


PEIJETRATING WOUNDS OF INTERNAL EAR 

The entrance of pieces of metal or of fragments of bone exposes the 
mtemal eai to great dangei of lab3U'mthitis, followed b3'^ menmgitis Foreign 
bodies must be gentl3'^ removed, particularl3'^ if of septic natme Mopping 
away of mfected ddbiis is earned out under vision, but s3Tmgmg is prohibited 
If nifection of the middle ear arises, drops of perchloride of mercury (1 4,000 
in gtyceruie) are mstiUed two or three times daily , sulphonamide is given m 
full doses 

The cochlear and vestibular functions are deranged or destroyed by such 
an accident S3mptoms of shock and concussion are present, followed b3’’ 
vormtmg, with vertigo and nystagmus 

If the patient recovers, he wiU experience mstabihty when begmmng to 
walk, but will gradually accommodate himself to changed conditions 


COMPLICATIONS ASSOCIATED WITH INJURY TO THE EAR 

Osteomyelitis — The opemng up of diplOic bone alwa3'^s has the possibilitr 
of leading to osteom3'elitis 



790 


ITJTTBIES TO THE iAB IV \\ AB 

This complication la moat likel\ to occur if fresh bony gpfices are oxpoaed 
to acute local infection After ten or fourteen days reactionary processes 
shot off the diplOe and prevent tho spread of bactena 

It ahonld be a pnnoiplo therefore to ehminate eopma from the ’wound 
at an early date and certainly -mthin forty-eight hours after infliction, 
by esdsion of the edges of tho iround and the removal of foreign bodies and 
detached fragmenta of bone combined with thorough purification of the 
fforrounding areas of the skull 

If this desirable result cannot be attained at an early date then any 
operation on the bone must bo postponed until nstnrfU d^encoe have been 
e^blished 

At the time of operation It la m our opinion desirable to smear freshly 
cut bony margins with iodoform to prevent bacterial spread 

If osteomychtia is diagnosed opomtlon must be immediate and drastic 

— Infected wTJUDti* h the urigbbotjrtKiod of the Uier*J ftanj m*j' Ic«d to the 
fonoktko of » mml ckit oc of Uletml tiam tliioiabaiU, ehanctefixed bj rigoa. TrvttmcKl k 
diiccted to ttopplnf the )oe«l return chcoItHon bj* oblltentiog the ktmJ dma u>d Sjotoilng the 
Interul }xt{riikr cowimmilc»Uns kobl relna. 

Extradural ahsceu — Spread of infection may cause gmnulationB to form 
on the dura mater with symptoms of dull headache , or it may cause pus to 
oollftct outside the dura with headache often more noticeable at night-time 
A ooUeotion of pus outside the dura is likely to oaoae mezungoal reaction 
with itf gns of increased intracranial piessoie 

T n^ TiCTDrr is directed to free exposure of the aflected area bcoe is 
removed in the region of the tegmen antn or tympeni untD boalth\ dura 
is reached m all direebons A light packing of iodoform geuxe is then 
applied 

MsningltU — Any wound penotmting tlie dura mater mai cause meningitia 
Other aural causes are perforating wounds of the Internal ear or fracture of 
the base of tho skull with tearing of the dura 

Spread of infectwa from the middle ear mtvj also lead to this serious 
complication 

The temperature is high tho pulse is rapid and the patient is restless. 
White cells aro present m the oerebro-spinaJ fluid and baotena may sometimes 
be recognized m cases of diffuse and purulent memngitis 

TREATitEJcr depends pnmanU on tho destruction of tlie causative 
bacteria by chemotherapy the drug generally used is sulphapyndine 
(M 4: B 093) nnleas culture of organisms points to tho profemblhty of prontosil 
{sulphanilfljmde) or snlphathiazole 

It IS important to avoid spreading infection bj operation the results 
of surgical treatment before tho introduction of sulphonamidee were extremely 
bad no benefit but only harm accrues from the opening up of fresh ercas 
of sepsis 

The cerobro-spmal fluid is examined for preeaure and cell content The 
pres^ce of headache is a good climcal guide A check Is kept by means of 
lumber puncture iierformod at least once a week pressure is lo’wercd 
il necessary b> removing some fluid through the needle or by dehydration 
witli roncentmted roagnedam sulphate (6 oiu of ISO per cent solution) mvon 
rcctally once or twice daU> ' * 
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Serous meningitis may be secondary to a bram abscess, which must he 
dramed 

Encephahtis results from infection m a penetratmg wound, when there 
IS tearmg of the dura and laceration of the bram Such a condition may 
comphcate some wounds m or around the ear 

If locahzed, the infection may disappear under treatment without leavmg 
after-effects but if diffused, the prognosis is senous 

Locahzed inflammation of the bram tissue is dealt with by strenuous 
efforts at removmg sepsis from the overlymg wound Lacerated or infected 
skm edges should be excised and comminuted bone taken away The 
margins of the bony defect are removed and torn dura is tnmmed Destroyed 
brain is removed by suction The skm margins are drawn together with 
sdk-worm gut stitches but not tightly if any signs of sepsis are stdl evident 
m the bram Dressmgs of hypertomc sahne are useful m such cases 

Bram fungus is treated by the ehmmation of local sepsis and by control 
of cerebro-spmal pressure by dehydration and lumbar 2Juncture 

Abscess of the brain may arise as a result of injury or inflammation of 
the middle ear The site may be m the temporo-sphenoidal lobe or the 
cerebellum A temporo-sphenoidal abscess may cause paresis or paralysis 
of the opposite side, whilst a significant sign m left-sided cases is nominal 
aphasia Cerebellar abscess may cause weakness and mco-ordmation on 
the affected side Not infrequently a bram abscess gives very few localizing 
signs 

The prmciples of treatment depend first on full use of sulphonanude , 
secondly on cautious and gradual dramage, to avoid precipitatmg diffuse 
memugitis , and thirdly, on the eventual provision and mamtenance of free 
and wide dramage after adhesions have shut off the subarachnoid space 

The abscess is generally approached by the route of mjury Dramage is 
effected by the use of IMosher’s cone or by Bang’s method of free removal of 
overlymg tissue, to cause the abscess to come gradually to the surface and 
thus to obhterate the cavity 
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CHAPTER liSXI 

WOUHDS OP THE AIR PASSAGES AHD AIR SUGGSES 

IHJUH Y 0? THE ffTTERlfATt KOBE 

T he framework of the noae may bo injurod by a direct blow by the 
impact of a miasiJe or by contact with the ground or some rettstant 
object Of Tntflgilfw shell fragments are the most common cause of 
injury with bullets next m orticr of frequency Flying d6bne of 
various sorts and stones are other factors Aeroplane crashes may break 
the nose a blow at football or boxing madontal relaxations of warfare 
may be the cause 

The cartilaginous portion is euffidentlj elastic to legam its original 
position unless destroyed but the bony framework may suffer displacement 
or fracture Loss of the middle third of the cartilsginons framework leads 
to uptoming of the tip with pug nosed deformity The cartQagmous tip 
maj be lost with resulting downtunung 

There may be lateral «£splacement of the bones with aasoaated movement 
of the cartilaguious portion towards one ade Other cases show flattening 
of the nose doe to backward dlspUcement of the bones, sometimes with 
tbeir separation 

The components mvolved in eiaiple fraoturee ore tho nasal and laohrymsl 
bones and sometimes the ascending processes of the superior maxillse The 
resulting deformity varies with the degree and direction of violence 

Associated witii such fractures may be injury of the septum which is 
either displaced or broken the accident somotimes produces h»mntoma of 
the septum (see p 802) 

Compound fractures commomcato with the ortenor directlv through some 
wound of the skin of the nose or indireotiy througii a tear of the nasal 
mucosa in the latter event the fonnation of a hicmatoma is unlikely as 
extravasated blood is free to escape There may be considerable commmu 
tion of bone and fragments may have to be removed either erternallv or 
from the nasal fosse 

The whole nose can be blown off by a laterally directed piece of shell or 
bomb rhinoplasty is required later to repair the deformity one of the 
most disfiguring possible 

Trsttmsnt — Gentle correction of the nasal deformltv is advisable soon 
after the time of injury Severe epistaxls may necessitate plugging one or 
bo th fo s8?B it is desirable to use 1-in ribbon gauze well soaked with a 
mixture of iodoform and aoft paraffin Packing the nose is however 
dangerous if the base of the skull is fractured 

'When the swelling of the soft tissues has subsided, after three or four 
801 
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days, bones should be manipnlated mto place with Walsham’s forceps , 
displacement or fracture of the septum is corrected with Ashe’s forceps 
(see p 297) The shape of the nose is maintained by a sphnt bmlt up of 
eight layers of fine gauze, held together hy collodion apphed to each layer m 
turn Alternative^, a piece of thin malleable metal is apphed to the nose 
and over this a mould of Stent’s material — ^the latter bemg used as a sphnt 
If too long an mterval be left before replacing the bones, there be 
fixation , the safe period durmg which mampulation can be earned out is 
up to three weeks After this lapse of time it may be necessary to make 
mcisions within each nasal vestibule and to divide the nasal bones and 
ascendmg processes of the maxillje with a fine saw and chisel, to oh tarn 
mobihty before resetting 


THE NASAL SEPTUM 

Pre-existmg deviation of the septum is hable to accentuation by mjury 
of the nose , mampulation is generally unavaihng and mtemal sphnts are 
not effective Correction of the displacement necessitates removal of septal 
cartilage and bone by submucous resection 

Hsematoma of the septum calls for mcision as a means of avoidmg 
permanent broademng and obstruction, and also to prevent necrosis of the 
septal cartilage 

If infection occurs septal abscess results, with the sequela of considerable 
defomnty through loss of cartilage and contraction of scar tissue The 
patient must be warned of this possibihty 

Treatment — ^A long mcision is made over the hsematoma, parallel to 
the floor of the nose , the scalpel is made to cut through the muco -periosteum 
from behmd forwards 

It IS essential to mamtam asepsis of the nose by prehmmary purification 
of the external skm and cleansmg of the nasal vestibules with alcohol, m 
order to prevent infection of an otherwise sterde hsematoma A small pad 
of sterile gauze should subsequently be worn to cover the nostrils, held 
m place by tapes around the head 

NASAL FOSS^ 

Penetratmg wounds have a tendency to produce lacerated surfaces on 
the lateral wall or septum , adhesions follow, with obstruction of respiration 
and also of aeration and dramage of the paranasal smuses 

Tags of mucosa or senu-detached portions of the turbmal bodies should 
be removed with turbmal scissors The inferior turbmal must be conserved 
to the utmost A loose packing of iodoform gauze is necessary if haemorrhage 
IS severe, but it should be discarded as soon as possible 

The daily insertion of a tampon of wool soaked m 10 per cent solution of protai^ol serves to shrink 
swollen mucous membrane and to separate adherent surfaces , if adhesions are resistant, they must 
be broken down with a probe or flat dissector, or divided wth scissors after cocamization 

FEACTURE OF ROOF OF NOSE 

Some fractures of the base of the skull involve the cribriform plate and 
roof of the ethmoidal cells There is epistaxis, associated with escape of 
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cerebro-^pinal fluid if tlw dura is tom this secretion is at flret muted ^th 
blood and lator appcare aa a coloariess, clear nasal discharge Loss of the 
sense of smoU maj* result from injary to the olfactory nerves 

Such fractures are highlr dangerous omng to the nsk of infection of the 
memngos 

A fiucture of the base of the skull mav involve the roof of the 
nasopharynx blood nla^ escape and be swallowed to be vomited later 

Treahnsnt — The nose must be pnnfied and protected from fresh infection 
bj the use of a gauze bolster ns mentioned above Snlpbapyndine is given 
in full doeos for a few davs 

Plugging the nose sliould be avoided if possible however if dangerous 
epistaxis necessitates packing the latter must be confined to the inferior 
meatus Ttibbon gauze must be well inipr^nated with iodoform it must be 
changed at intorrals uaunlJ\ after tweotv four and never longer than fortr 
eight hours 

If cerebro*€pmal rhinorrhoja persists the constant danger of ascending 
infection leading to meningitis calls for the Insertion of a graft of fascia 
lata to cover tlie bony cleft 


PABAKABAL SINITSES 

ProntAl final — The anJerior trail of this emus Is oxpoeed to mjuiy and 
sometimes fractured 

ScB^ Uaev ii of no gr««t ImporUcf* «lopr?mk )0 of brej «aiJ entun coaiidenUe 

^fannnj tad mnr nUl fbr mrmtbn. uo pCHvfbUltv of iofecticn tbe rinaa, tbe du^pr 
of asteocDTrljtii or tBCneruitJ coapliAtiou u • mmh of pnautm ofpntko pednt to tht nbdom 
of nfUcf for ten dA^i before p nj cwdtfll to coTretloa of toe defM. 

An wlov tbo ejobrov — vhlob moot not be tbored— momr* » good oasDetje rmic 

13ie eUn bkI prriortevm ere dirfded aod tbe hone erpoord. If the dopraoed nil cuinot rroddr be 
^retod It maj be peerMerr to male • mell 0 |xnIof tbronfh tbe rornpoH ajid tbln floor of tbe 
■isiH, in order to knaert on InttrcsKiit. 

No eoopDoetMcu fboold reeoH, ptorUed ueptle prmotloDJ boro breo takefi. 


CoHPonxn FBAomaE of teb ANTicaiOB wall neceaaitatea exciKion of 
ragged or infected akin edges and removal of detached fragments of bone 
If tbo superciliary ndgo is preserved deformity is shght Free temporarv 
dmmage will bo required m septic cases owing to tbe danger of osteomj'ehtis 
application of iodoform to the exposed edges of tbo frontal bone is a wise 
precaution agauist this dangerous complication 

Wide damage may make it impoesiblo to preserve the contour of tlie 
forehead it may tlien be desirable to obliterate the frontal smus At the 
time of injury no more sliould be done than to excise severely infected edges 
of akm and to remove detached bone the wound is hghtlj packed with 
iodoform gauze and is left fiwly open 


After u tnt*rr»] of »i W#t t»o, or better tUD, three eeeki tbe mocom hritne; ti» 

to lemov^ W niiwtt»*o tod tbe orerfyinff aUn and perioabnrm art prated back into eoctaot 
•*tth m pcaterior bony wmH ftibeegomi pbwtb operatfco. with the iMertton of f«t hrw^ gwfu. 
My ta emf*^ to ljni«Ti!- tbe raraetfci leenlt in rane fottanra ft h prrfrable to mroimnwrt 
the rarhy of the frontal tontt*, Imins It * ^tb • akin gmU 


FHAoirmn of the postcbior WALi^Injury in this region is of serious 
import because of the risk of intracranial infectiom A fracture of the cranial 
vault may involve the posterior wall wlule leaving the antenor wall Intact 
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In such a case air may be blown mto the anterior fossa of the skull, as revealed 
by radiographic examination. 

The nose must he kept sterile and the patient warned against hloivmg it , 
no comphcations need ensue and the cleft should close 

But if infection occurs, wide operation is necessary The anterior and 
posterior walls of the sinus must be removed to expose the dura over the 
area of infection , it may be possible to preserve the supra-orbital ridge 
If the dura is torn by a fracture involving the frontal sinus, there will 
be an escape of cerebro -spinal fluid into the nose , mitial bleedmg is followed 
by rhmorrhcea of a watery character Jt is wise to give a course of sulplia- 
pyridme (M & B 693) for three or four days to control invasion of 
streptococci or pneumococci 

While the clefts in the bony walls and dura aie open the danger of 
memngitis is gi’eat, and this comphcation is almost certam to occur in the 
near or distant future It is necessary, therefore, m cases that do not close 
rapidly, to perform a radical operation 

MAXILLARY SINUS 

Hsematoma — A blow on the face, even if insufficient to fractuie bone, 
ean cause haemorrhage within the antrum of Highmore 

The nature of the comphcation is recognized by the histoiy of injury 
associated with nose bleeding, and by the evidence of rhinoscopy, trans- 
lUummation and possibly radiography 

There is no reason for infection to occur if the vestibule of the nose is 
kept sterile and surgical mterference such as puncture and lavage is avoided 
Evidence that the effusion is sterile is afforded by the absence of a history 
of nasal discharge of purulent or mucopurulent nature, and confirmed by 
exammation of the nasal fossae. 

If left alone the blood m all hkehhood will be removed by cfliary action, 
with no sequela? If infection unfortunately occurs, the antrum must be 
washed out with normal sahne solution after insertmg a trocar and cannula 
through the inferior meatus 

Simple depressed fracture — The anterior wall of the maxillary smus is 
sometimes pushed inwards, with or without fracture or displacement of the 
malar bone If uncomphcated and umnfected the fracture of the maxiUa 
IS best left alone, unless the deformity is severe 

In the latter case, elevation, though difficult, may bo attempted through an moision over the front 
of the maxilla after raismg the hp Tlioro is danger of infection of the smus after such an operation , 
if this occurs, lavage or possibly permanent dramage of the antrum into the inferior meatus of the 
nose (antrostomy) ivill bo necessary If it is found impracticable to elevate the depression, it is possible 
to repair the deformity later by subcutaneous insertion of bone, cartilage or fat Sinus infection, if 
present, must bo cured before such a procedure is earned out 

Compound fracture — ^Fractures associated with an external wound, 
particularly of mfected type, require operative treatment Any associated 
injury to the eye must be treated , severe mvolvement may necessitate 
removal of the eyeball or evacuation of its contents 

The woimd may also mvolve the cheek, nose, upper hp or lower jaw , 
immediate replacement of soft tissues m as nearly correct position as possible 
will reduce the subsequent contraction and will facilitate plastic repair 
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The margins of fistul® should be covered temporanlv bv eening skm to 
mucous membrane 

In cases of compound fracture involving one or both maxiUarv amuses 
it IS possible that fragments of bone pieces of metal and infected material 
such as earth have been earned m It is therefore necessarv to explore 
the wound or to open the sinus bv the sublabial route (Caldwell Luc 
operation) ao as to remove foreign bodies and to establish free and effective 
drainage The latter may bo through the wound itself or else through an 
opening into the infenor meatus of the nos© Subsequent lavage will be 
required to remove blood clot and Infected secretion 

The operation mar well be performed soon after the injurv but a full 
course of sulpbonamide therapi prefemblv sulphapvndme (AI & B 093) 
two tablets four hourli should be given donng the next three or four davs 
Before the operation is performed preparation of the mouth entails 
ehmioation of dental sepsis bv suitable treatment If signs of acute m 
flammation are present the operation should be confined to the minimum 
required to establish free dmioago 

Fracture through upper alTeolos — Fractures in this region nr© seldom 
associated wrth displacement unless both sides are mvolved- Aeroplane 
crashes mav cause such an Injun bv pushing back the central teeth or dis 
placing the premarOJa The palate also mav be ftactored and displaced* 
Splinting « eeldom required but damaged teeth must be removed 

It tOAj be peeeiitiT- to rrpUee tbe peUte utd to bold H to poeitko m(tb s pkte vlth Liope 
pe uUu d nig from tbe ujW of tbe tDOCth. Tbe apper t}m>bs cu tleo be tekl bi porition 
tempoAifo » prop beteees tt end tbe lover tbe kttcr belsg connrted br a four 

tailed btnrUge Treetateot of tbe BaxUkrx liDoa vQ feOov tbe baee detailed abore eemnUsg 
to tbe preeence of a rlerfle effiskn of blnod or of tsfeetlon from the sMa rmfMr or tbe mootb. 


ETHUOIDAL AKD SFHEFOIDAL glHTTllEp 


Fracture ol the baie of tbe akuil mav run across the roof of one or more 
cells thus producing the dangerous condition alreadi referred to of 
communication of the meninges with tb© nasal foasie. 

There is nothing further to add to what has alreadv been bskL 
Panetratmg wounds — A bullet or piece of shell mav pass through the 
ethmoidal labyrmth or mav lodge m this region Immediateh after the 
mjuT) the wound must be purtfied Lacerated skin margins are sparingly 
eicis^ and loose pieces of bone removed the wound is not sutured but 
IS held open with iodoform gauze or a dram no fresh layers should be 
opened up and no extensive search made for a foreign bodi (Fig 704) 

It is iiiser to allow fourteen dai-g or more to elapse before embarfang on 
an\ extensive surgical procedure for fear of preapitatmg infection of the 
memnges or the cavernous smus bv spread of bactena through communicat 
mg veins or through actual bony defects 

‘Search for the foreign body is best made bv the route employed In external 
ethmoidectomv except m rare cases where intranaaal operation suffices 
If the piece of metal is deepli embedded and inaccessible it mav be wise to 
leave it alone unless signs of suppuration ensue 


huA w nj^tr^fd in Fig 791 fmim bodj enterni tbe inner wafe. of tbe ei 

tSi ^ ^ fcnt<?rtor and po<erk« ethmoidal feO It ewed Infertlnn of tbe>e^ 

ceD *odaK. of tbe ma^rr and frnoul -11111^ ot itie>e • 


S9 
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External ethmoidcctomy A\as performed, but the piece of metal nas inaccessible and was not 
removed by this route Its presence caused referred pain and eventually necessitated operation through 
the postenor vail of the antrum for its extraction The inaccessibility of the region, combined with 
bleeding from the spheno palatine artery, caused considerable difhculty 



Fig 794 

Fragment of high explosive shell, impacted in left pterj^go- 
maxiUary fossa 


GENERAL EFFECT OF WOUNDS OP THE NASAL SINUSES 

With any head wound, shock is unhkely to be a prominent symptom 
Descent of blood into the pharynx or larynx, or the dnvmg m of earth or 
other debris can produce may be severe , the blood 

supply IS from branches of the mternal maxillary, but m addition wounds 
mvolvmg the face and tongue may imphcate the facial or hngual arteries 
If control by pressure is impracticable or meffective, it may be necessarj’’ 
to tie the external carotid , this should seldom be necessarji" 

FistulsB mto the smuses require plastic repair, probably after the mterval of three months It 
IS usually necessary to turn m a flap of skin or mucosa, with an epithehal surface facmg mwards and 
to cover this with a skm flap, shd or swung over accordmg to the situation Such fistulai between 
the mouth and maxiUaiy smus are diffi cult to close if at all large , it is unwise to leave them open, 
hovever, owmg to the certamty of repeated remfection 

Operations should not mclude removal of any palatal alveolus 

As already mentioned, it is essential to eliminate dental sepsis as a 
prelirmnar}’’ to operations in this region 

LARYNX 

EXTERNAL INJURY WITHOUT FRACTURE 

This tjT® accident may happen if the mdividual falls agamst a bar, 
as, for mstance, the framework of a motor-car wmdscreen Aeroplane 
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craahes nre nI*o posaible cftiisea of this injury The larynx is irell protected, 
however the impact of stzch accidents being taken the lower jat\ and 
stcmuni 

Falls or blows on the larynx may produce submncous codema or 
hfcmorrhago Owing to the firm ottachmenfc of the epitlielium over the 
vocal cords which bound the nanoweirt. part of the airway it is improbable 
that marked obstruction of the glottis wiH occur or that d^Tspncea of n 
dangerous degree will arise the necessity for tmeheoetomy Is therefore 
nnlikelj to arise 

Injury to the laiyrngeal cartilage* can cause penchondntiB m addition 
to hfomatoma even in the absence of any oxtomal wound Paralysis of 
abdnetor t\’pe affecting both \ocal cords is a rare, but sonons poeslbilitv 
Fixation of the oneo arytenoid Joints is e fiirther conipboation that may arise 
The combmed effects of injury may be followed by permanent stenosis 
due either to organization of effused blood and senmng at the level of the 
encoid cartilage or to cohesion of the vocal cords with partial or complete 
obstmotlon of the glottis 

When the active phase has subsided the correct treatment m a sevoro 
case is splitting the thyroid or cncoid cartilagoe followed by reraoi’al of 
obstructing scar tissue and the insertion of a rubber tub© covered mtii a 
aldn graft Tlie tube is kept in place by moans of a silver wire passed through 
the thyroid cartilage and cut off short beneath the skm (see Fig 700 p 813) 

Til© character and degree of mjurj determines the len^i of sojourn 
of the tulie wlucli mar have to bo retained for a period varying from twelve 
days to six months Removal is effected b> traction through a Isryngoacoiie 
the pull must be suffloient to bring the wire out with the tube 


OBSTRffOnOH BY PORKIGIT BODIES 


Extmnoona debris entering by the month may lodge above or in the 
laryngeal aperture and cause respiratory ©mbarrasament 

If the obstmcting object is Urge and impacted in the hvpopharynx 
death may occur before effective asaistanco can bo given 

If the necessary instruments are available in the form of a direct laryngo 
scope and grasping forceps the correct procedure is removal under vialom 
But as this equipment is imlikely to be at hand an alternative must be 
suggested 

Attempts to remove the obstmcting object blindly cither inth the 
finger or with forceps will m all probability fiul the attempt may only 
drive the foreign bodj more firmly mto the larynx It is advisable in such 
desperate circumstances to make an mciuon through the cnco thyroid 
membrane The gap is readily felt with a finger and can bo incised with 
any scalpel or even a penknife A transyone oat is first made and is then 
opened by the handle of the knife inserted through the opening and turned 
sideways ^ 


Tlie patient ■ life maj thus be saved and respiration may bo reetored by 
mamtainmg the patenes of the allt until the foreign body can be ininoved 
ff available a laryngostoms cannnla la inserted it should rsmam i» stiu 
for no more than a fev hours If the laryngeal airway has not then been 
restored tmcheostomi should be performed 
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Instances ha\o been quoted of asphyxia due to the falling back of the tongue over the laryngeal 
aperture m an unconseious man , the same accident may happen if the mandible is fractured on 
both sides Obstruction unll be relieved if the tongue bo pulled forward and kept m this position, 
if necessary by traction on a stitch passed through it 

Simple fracture — Fractuie of tiie tJiyroid cartilage is of little account 
unless accompanied by much local extravasation of blood iSimilar injui^^ 
of the cricoid is, however, of serious moment, owing to the consequent 
obstruction to lespiration Tiacheostomy may be necessaiy as a tempoiary 
measure 

In all probability the aiiwaj'' will be lestoied spontaneously, but the 
possibility of stenosis may call foi an ojieiation similar to that described 
above 


PENETRATING WOUNDS 

Types of injury — The epiglottis may be damaged or even lemoved 
altogethei by gunshot wounds , the loss of this oigan is of itself of no 
importance and no final ill-effeets are felt The dangeis are immediate and 
are due to the various factois outlined below 

The thyroid cartilage is readily injuied, but the damage would of itself 
be of no gieat significance were it not foi associated injuries 

The cricoid caitilage, on the othei hand, is of great impoitance in 
maintaining patency of the aiiwaj'' , dnect injury causes collapse and 
narrowing of the airway, while spiead of inflammation leads to obstiuction 
to respiration Effects on the joints of the ai^’^tenoid cartilages have aheady 
been referred to as producing fixation of the vocal coids Injury to the 
margins of the glottis maj'’ produce adhesions between the two sides oi, 
alternatively, complete stenosis , collapse of the caitilaginous fiamewoik 
helps in the production of narrowing 

The hyoid bone may bo injured by the same piojectile that hit the larynx 
General effects — Penetrating wounds of the laiynx aie dangeious, not 
only because of the respiiatory obstiuction caused bj'’ rapid swelling of the 
soft tissue, but also because of the possibility of perichondritis and othei 
comphcations The immediate inoitahty is high and therefoie few cases 
are seen in hospital , those that survive the first few hours aie a cause 
of anxiety The causes of death aie hsemoiThage, suffocation and, latei, 
cellulitis of the neck and septic infection of the lungs 

Wounds of the larynx are less commonly seen than are those of the javs 
and pharynx, because of their greater mortahty Penetrating anteroposteiioi 
wounds seldom allow the patient to smvive, omng to injurj^ to the spine 
(Fig 795) Obhque wounds involve the gieat vessels of the neck and aie 
therefore rarely seen Transverse wounds of tliiough-and-thiough type aie 
more frequent and are sometimes accompanied by very little constitutional 
disturbance 

It IS extraordinary to obsen o tlio non-Iotlial penetrating pow ers of a bullet trai clluig stmiglit . 
at the beginning of the fliglit, liowoicr, or if diverted or ncoclietting, tlio effects are more disruptnc 
It would appear that the missile is preceded by a cap of compressed air which splits the tissues m 
its passage tlirough fascial planes 

In the last war wounds of the larynx caused by bullets weie more 
frequently met with than weie those due to fiagments of shell, probablv 
because the lattei cause rapid death 
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Obstruction to RE 8FTRATIo^ — Ponetmtmg wonndfl maj produce ft 
fistula into the lan^nx and also cedenift which rapidiv causes sweUmg siiflici^t 
to obatnict the airwav The tissue* ftro hx except o^r the vo«l co^ 
themselves the latter ore covered b\ squamous epithelium and luoKitv 
there IS less swelling m this narrow region than olseuhere 

Obstruction msv be dao m part to submucous htemorrhage hiactuxe 
and indnving of the th^To^d cartilage or fracture and displacement of the 
cncoid togetherwithawell 
ing of the penchondnum 
mol embormss respiration 
The later appearance 
of mflaiiimaton swelling 
sometimes duo to pen 
chondritis adds further to 
the difficnlt\ m brcftthing 
Injury to the recurrent 
lamigcol or possibly the 
vagus nerve cither bv 
direct violence or the pres 
sure of A hrcmatoroa mar 
parahiw one or rarelj 
both vocal cords In tlie 
former case respiration is 
not materially impeded 
but m the latter event 
dyspncDft is extremeK 
severe 

AfsociAted Mounds of 
the pharynx may add to 
the dangers bj the descent 
of blood and obstruction 
bj clots The impaction 
of ft foreign bodj or of 
d^bns IS a further jioaaible 
cause of blockage 
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Tru«Tei«» •^tk>n of the nffk. at the fcrel of tbe \c<c*I cord* 
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8 pUDo UAJ offer* tiw only root* of penetntk) 
moving object wltbcuit probable CiUl remit*. 

fr»m Cm T*3X Omt ^ ) 


mft\ be accompanied bi 
hiemoptvsis and cough 
Recurrent haemorrhages 
are to be feared It is possible that the external carotid arterv or the 
inferior thyroid may have to be tied or ligature of individual vessels may bo 
required Apart from the Immediate effects of hfemorrhago and suffoca 
tion there arc further dangers incidental to sepeis 

PEBiCHONT)Rrnfl follows infection in thi* region m a majority of cases and 
IS much to be feared the mflemmaton process spreads rapidlv and mat 
affect the covering of the thyroid cncoid and arrtenoid cartilages aa weD as 
the jomfa between the two latter Tlie whole larynx appears swollen 


810 OTORHINOLARYNGOLOGY IN RELATION TO WAR INJURIES 

enlarged and tender, and the outlines of the cartilages are obscured 
Fluctuation may appear Ulceration may later appear m exposed areas, 
and necrosis is also a possibdity, advancing to a stage where there is sheddmg 
of considerable portions of cartilage The combined processes can lead to 
almost complete destruction of the th3TOid or cricoid cartdages If the 
patient survives, the resultant seamng and contraction cause stenosis of 
var^nng degree 

The method of deahng with this complication is considered later 

Surgical emphysema is another effect of penetratmg wounds, due to 
the entrance of air into the connective tissue planes This comphcation is 
likely to oceur when there is unreheved laryngeal obstruction , forced 
mspirations suck air mto the fascial la3’'ers, with distension of the tissues, 
sometimes to an alarmmg extent The presence of air is recogmzed by 
crepitation , the diagnosis between simple surgical emphysema and gas 
gangrene ma}"- present temporary difficulties 

If air enters the mediastmum the dangeis are considerably mcreased 
bj’^ respirator^'- embarrassment No direct active treatment is required for 
surgical emphysema, but respiratorj’^ obstruction must immediately be 
reheved by tracheostom}'- The air is absorbed m a few days with no 
ultimate ill-effects 

Parapharyngeal infection — ^The sepsis mcidental to some wounds of 
the larynx gives rise to various troubles other than tJiose caused by pen- 
chondntis Infection alongside the larynx may lead to the formation of an 
abscess m the paraphaiymgeal space, or at the side of the larynx, trachea or 
oesophagus SweUmg appears, sometimes due m part to surgical emphysema , 
it may assume a tense character and must be opened widety by a vertical 
mcision over the sternal insertion of the sternomastoid muscle Tracheostomy 
may be necessary’- Fadure to procure early and free dramage predisposes 
to mediastmitis, a contmgencj'" with uniformly bad results 

Difficulty in swalloiving occurs with woimds m this region, if 
sweUmg of the aryepiglottic folds is marked, or if there is loss of -tissue on 
the posterior surface of the larynx It may also be due to associated mjury 
of the pharynx but even so, the symptom maj'^ be entirely absent even 
with extensive wounds An oesophageal feedmg tube will, on occasion, be 
required Injury to the posterior wall of the larynx may produce a fistula 
mto the oesophagus, vuth escape of fluids mto the trachea 

Changes of voice maj^ be absent or shght When present, they are due 
to sweUmg of the vocal cords, ventricular bands or aryepiglottic folds, or 
to obstruction of the trachea Aphoma or dysphoma appear also if 
perichondritis -with deflcient movement of the arytenoid cartdages is 
present 

Changes of voice can be caused also by fixation of the cnco-arj'i^noid 
jomts, due -to inflammatory processes associated with penchondntis But 
m some cases of marked fixation the voice may be good The appearances 
vary m the different forms of immobdity of the vocal cords Cases of 
paralysis, due to mterference with the nerve supply, show faUmg forward 
of the aryepiglottic fold, -with mcurvmg of the cartdage of Wnsberg and 
shortening of the affected vocal cord Fixation of the cnco-aiytenoid jomt, 
caused by mjury or arthritis does not necessarily produce these alterations 
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of position M noted when tlie hcnlth\ ndo ib compared -mth the unaffected 
half of the lamii 

Hoarseness or nplionm Ina^ be due to interference with the nerve suppiv 
of the intrinsic muscles of the larjrix this con come about in one of two 
ways The more common cause is damage to one or other — or possiblv 
both— Tecurrent laryngeal nerves The second and rarer mode of damage is 
mtorference with the vngas nerve The nerve supply mav be mjured bv 
shock h} division of the nerve bi the pressure of a hiematoma or bv 
involvement m scar tiwine 

If only one cord is paralised the svmptoms mav be slight and the change 
of voice although apparent not marked The effects are immediate and 
recovery is rare 

If both cords are affected there will probablv be dyspncea of dnngerona 
character m addition to changes of voice 

Inspection of the larynx shows deficient abduction in car^^ and slight 
cases and complete paralysis with later and more severe types of in}ur\ 
this is in accord with general expenenco of other tj-pea of laryngeal paral3*Bis 
Treatment directed oxprcsslv to reUeve the damage is irnpmcticnble and 
uimeceasary in, oiulateral coses but is neceasarv if there is abductor poralvsis 
of both coids In this tj-pc of mjurv dyspnoea of extreme degree necessitates 
tracheostomy and this will almost certamJj bo permanent 

Injunes of the laryngeal nerves are sometimes assoeioted witii damage 
to yanons other nerves includmg the ^mpathetic glossophaiyngeal spinal 
accessory and h}’x)oglossal and the brachial plexus 

Respiratori. nrFEcnoNfl — Soptic bronchitis and bronchopneumonia 
are dangers to be apprehended, particularly m the first few days gnoceedmg 
the mjciry Ayoidonce of these dangorous compheations necessitates early 
and free drainage of soptic areas and the relief of laryngeal obstruction 
If descending infection occurs great help is obtamed by the frequent use of 
a suction apparatus to remove septic eocrotions This is onli possible when 
there is an aiailable wound or when tracheostomy has been performed A 
fine rubber catheter ib passed through the metal tube 

Treatment — ^Tho immediate aim is to saro the life of the patient This 
necessitates control of hfemorrhago avoidance of entrance of blood into the 
trachea and the prevention of obstruction to respiration 

It is difficult to com out more than simple measures m the regimental or 
first Old post it is therefore necesaarj to transport the casualty to better 
eqmpped surroundinga at an early opportnnity 

Tho patient should be sat up as in this position he uill more readily 
cough up blood that tnckles into the trachea 

It is wise to avoid the use of morphia owing to its depressing effect on 
the cough reflex and respiratory centre tlie patient s life mni depend on 
his ability to protect has airway by coughing 

For similar reasons atropine ib to be avoided as a routine because of its 
effect m diminishing the supply of mucus, without which cihan action is 
mct^ble of ejecting bacteria frnm the bronchi and trachea 

Obviora bleeding points should be controlled if neceasarv hi apphcation 
of artery forceps if this is not xiracUcabfe external pressure must be relied 
on 11 however the compreewon has the effect of mcroasing the amomit of 
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enlarged and tender, and the outhnes of tlie cartilages are obscured 
Fluctuation may appear Ulceration may later appear m exposed areas, 
and necrosis is also a possibility, advancing to a stage where there is shedding 
of considerable portions of cartilage The combined processes can lead to 
almost complete destruction of the th3n’Oid or ciicoid cartilages If the 
patient survives, the resultant scarring and contraction cause stenosis of 
varying degree 

The method of deahng with this complication is considered later 

SuBGiCAL EJiPHYSEMA IS another effect of penetrating wounds, due to 
the entrance of air mto the connective tissue planes This comphcation is 
hltely to occur when there is unrelieved laryngeal obstruction , forced 
mspirations suck air into the fascial la3'^ers, with distension of the tissues, 
sometimes to an alarming extent The presence of air is recognized by 
crepitation , the diagnosis between simple surgical emphysema and gas 
gangrene may present temporary difficulties 

If air enters the mediastinum the dangeis are considerabl3'^ increased 
b3’' respiratory embarrassment No direct active treatment is required for 
surgical emphysema, but respiratoi 3^^ obstruction must immediatel3’^ be 
reheved by tracheostom3'’ The air is absorbed m a few days with no 
ultimate ill-effects 

Pabaphabyngeal infection — The sepsis mcidental to some wounds of 
the larynx gives rise to various troubles other than those caused by pen- 
chondntis Infection alongside the lar3aix may lead to the formation of an 
abscess in the paraphar3mgeal space, or at the side of the lar}mx, trachea or 
oesophagus SweUing appears, sometimes due m part to surgical emph3'^sema , 
it may assume a tense character and must be opened widely by a vertical 
incision over the sternal insertion of the sternomastoid muscle Tracheostomy 
may be necessar3’^ Failure to procure early and free drainage predisposes 
to mediastimtis, a contmgenc3'^ with uniformly bad results 

Diffictilty in swalloavtng occurs with wounds in this region, if 
swelhng of the aryepiglottic folds is marked, or if there is loss of tissue on 
the posterior surface of the larynx It may also be due to associated mjury 
of the phar3mx , but even so, the symptom may be entuely absent even 
with extensive wounds An oesophageal feedmg tube will, on occasion, be 
required Injury to the posterior waU of the laiymx may produce a fistula 
mto the oesophagus, with escape of fluids into the trachea 

Changes of voice may he absent or shght IVhen present, they are due 
to swelhng of the vocal cords, ventricular bands or aryepiglottic folds, or 
to obstruction of the trachea Aphoma or dysphoma appear also if 
penchondntis with deficient movement of the arytenoid cartilages is 
present 

Changes of voice can be caused also by fixation of the cnco -arytenoid 
jomts, due to inflammatory processes associated with perichondritis But 
m some cases of marked fixation the voice may be good The appearances 
vary m the different forms of immobihty of the vocal cords Cases of 
paralysis, due to mterference with the nerve supply, show faUmg forward 
of the aryepiglottic fold, with mcurvmg of the cartilage of Wnsberg and 
shortemng of the affected vocal cord Fixation of the cnco-arytenoid jomt, 
caused b3^ mjur}^ or arthritis, does not necessarily produce these alterations 
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of portion as noted when the liealth\ side la compared mth the imaffected 
half of the kniix 

Hoamnew or aphonk may be dwo to interference with the nerve sapph 
of the mtnnsic mnsclea of the larynx tba can come about in one of two 
ways The more common cauae la damage to one or other — or posnblv 
both — reenrrent lanmgeal nerves The second and rarer mode of damage is 
interference with the vagus nerve The nervo snppl\ mav be injured bv 
shock, by division of tlie nerve bi the pressure of a htematoma or hr 
involvement in scar tissue 

If onl> one cord w paralraed the svmptoms may be slight and the change 
of voice although apparent not marked The effects are immediate and 
recovery is rate 

If both cords are affected there wiU probablv be diapncea of dangerous 
character m addition to changes of voice 

Inspection of the larynx shown deffcient abduction m early and slight 
coaee and complete paralysis with later and more severe t\'pes of injnrv 
this IS ro accord with general experience of other types of larjTigeal paralvsis 
Treatment directed crpre8sl> to relieve the damage is impracticable and 
unnecesaary in unflateral cases but is necessarv if there is abductor parahsis 
of both cor^ In thLs type of injun dyspneoa of extreme degree necessitates 
tracheostomj and this will almost certainl> be permanent 

Injuries of the laryngeal nerves are sometimes associated with damage 
to various other norv'ea inclnding the sympathetic glo»opharvTigeal spinal 
accessoiy and hypoglossal and the brachial plexus 

RESPiRATOEi DtTEcnoxs — Kcptio bronchitis and broncho-pneumonia 
are dangers to be apprehended, particularlv in the ffrst few daji succeeding 
the mjnry Avoidance of these dangerous compbcations necesaitates earlr 
and free drainage of septic areas and the relief of krjmgpal obstruction 
If descending infection occars great help is obtamed b\ the frequent use of 
a suction appamtus to remove septic secretions This is only po*sible when 
there IS an available wound or when tracheostomj has been performed A 
fine rubber catheter is passed through the metal tube 

Trestment— The immediate aim Is to save the life of the patient This 
necessitate* control of hsmorrhage avoidance of entrance of blood into the 
trachea and the prevention of obsfruction to respiration 

It is difficult to cam ont more than simple measures m the regimental or 
fir*t-aid poet it is therefore neceasai^ to transport the casnaltv to better 
equipped suiroundmgs at on earl> opportunity 

The patient should bo ant up as m this position he will more readjJi 
cough up blood that tneUes mto the trachea 

It IS wise to avoid the use of morphia owing to its depressing effect on 
the cough reflex and respiratory centre the patient s life mni depend on 
his ability to protect his airway by coughing 

For similar reasons atropme is to be avoided as a routine because of its 
effect In dnnimshmg the supply of mucus without which ciharv action fr 
mcapable of ejecting bactena from the bronchi and trachea 

Obvious bleeding pomts should bo controlled if necessaiy bv application 
of artery forceps if this is not praoticable external pressure must bo relied 
on If however the compression has the effect of mcreasing the amount of 
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enlarged and tender, and the outhnes of the cartilages are obscured 
Fluctuation may appear Ulceration ma3’’ later appear m exposed areas, 
and necrosis is also a possibility, advancing to a stage where there is sheddmg 
of considerable portions of cartilage The combined processes can lead to 
almost complete destruction of the th^^roid or cricoid cartilages If the 
patient survives the resultant scarring and contraction cause stenosis of 
varying degree 

The method of dealing with this complication is considered later 

Surgical emphysema is another effect of penetrating wounds, due to 
the entrance of air into the connective tissue planes This comphcation is 
hkely to occur when there is unrelieved laryngeal obstruction , forced 
mspirations suck air into the fascial laj'^ers, with distension of the tissues, 
sometimes to an alarming extent The presence of air is recognized by 
crepitation the diagnosis between simple surgical emphysema and gas 
gangrene ma3'- present temporary difficulties 

If air enters the mediastinum the dangeis are considerabl3’^ increased 
h3^ respirator3’' embarrassment Ffo direct active treatment is req[uired for 
surgical emphysema, but respiratoi3’^ obstruction must immediately be 
relieved b3'' tracheostom3'^ The air is absorbed in a few da3'^s vath no 
ultimate ill-effects 

Parapharyxgeal ixfectiox — The sepsis incidental to some wounds of 
the laryux gives rise to various troubles other than those caused by pen- 
chondritis Infection alongside the laii^^mx may lead to the formation of an 
abscess in the parapharyngeal space, or at the side of the lar3aix, trachea or 
oesophagus Swellmg appears, sometimes due m part to surgical emphysema , 
it may assume a tense character and must be opened widely by a vertical 
mcision over the sternal insertion of the stemomastoid muscle Tracheostomy 
may be necessar3'^ Failure to procure early and free dramage predisposes 
to raediastmitis, a contingency with uniformly bad results 

DiPmcuETY rx swallovtxg occurs vath ivounds m this region, if 
svelhng of the ar3'^epig]ottic folds is marked, or if there is loss of tissue on 
the posterior surface of the ]ar3mx It may also be due to associated mjur3'^ 
of the phar3mx but even so, the symptom ma3’^ be entirely absent even 
with extensive wounds An msophageal feedmg tube wdl, on occasion, be 
required Injury to the posterior ’waU of the lar^mx may produce a fistula 
into the oesophagus, with escape of fluids mto the trachea 

Charges of voice may be absent or shght When present, they are due 
to swellmg of the vocal cords, ventricular bands or aryepiglottic folds, or 
to obstruction of the trachea Aphonia or dysphoma appear also if 
perichondritis vath deficient movement of the arytenoid cartilages is 
present 

Changes of voice can be caused also by fixation of the crico-ar3denoid 
joints, due to mflammatory processes associated with perichondntis But 
in some cases of marked fixation the voice may be good The appearances 
var3^ m the different forms of immobility of the vocal cords Cases of 
paralysis, due to mterference with the nerve supply, show faUmg forward 
of the aryepiglottic fold, with mcurvmg of the cartilage of Wrisberg and 
shortemng of the affected vocal cord Fixation of the cnco-aiytenoid joint, 
caused b3’^ injur3" or arthntis, does not necessarily produce these alterations 
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of detached and infected piece* of cnrtjlago ftnd bv the excision of Itvceratod 
or infected akin edges 

Foreign bodies must bo taken out as soon as convenient after radjogmphio 
eiammation The latter shonld l>o performed early and ropeoted if suspicion 
of sequestration arises 

As most dangerous uifeotioiis in this region are streptococcal or pnoumo 
coccol ItlswiflotogivoacouTBeofanlphonamidethorapi for three or four da^'s 
The local appbcation of the powder^ drug is of service 

If ceUuhtis occurs there mnst be free incision over the ftffecte<l areas 
If signs of parapharyngeal absocss appear as evidenced by swelling at the 
side of the larynx or trachea probably associated with crepitation due to 
surgical emphyBoma free drainage mnst bo provided 

A vertical mcision is made in the lino of tbe sternal attachment of the 


stemomastoid muscle oxtondiug from 
the top of the tluToid cartilage to 
the sternum The carotid sheath is 
displacedontwards and afingor inserted 
between it and the larymx Tlio inferior 
thyroid arterj and veins mnst Iw tied 
as thej cross the gap so made 

The wound is loft free!) open 
the skin edges are best kept aport 
b^ the insertion of folded oiled silk 
packed from Ti-itliin \rith gauxo im 
pregnated with iodoform or sulpUona 
nude iwwder 

SetiuelsB — If tlie patient sumvos 
tbe dangers of haemorrhage asphj-xia 
penchondntis and infection of the 
lungs he may still Iiave sulisoquent 
disablhtj from stenosis of the larynx 
Obstniction maj bo caused by od 
hesion of the vocal cords to one 
another by fallmg m of the soft 
tossuos consequent on the destruction 



of the cartilaginous framework of the larynx or trachea by narrowing at 
the level of the cncoid cartilsgo owmg to the formation of orgnnited 
granulations or by fixation of the onco arv'tenoid joints 


Tr^UanU hu •Iirtdj bem referml to Tbe thTioR orioold or arr ipJrt to 

the mU acoccdum to the rite of obrtnietfcui trmchwtnfny ia a nMT*^rT prybnUnarr All 
«Kiia of aetivrtT moat bo alkrmed to dikappear before opermtion h cturtrtnplatcd. 

Sl^UsTOe U eid»d and tbe himra of the almaj ti rrrtoml. \ Iheyioa an. £ncd anonUofl to 


If tbe nrtikftawM fraioemork haa been aerrrefy damaged. It may be poasiUe to nolate U br 
toeerUou of cartUagfaioaB or botjT grafts » thh atep b. houerer aeldoin deniraWo or aeoewnr 

At graft h Inserted mto tbe nttond hnnen and h maintained In pla« 

P** P If the rigid rtnjctuna ha%o been aevenly damaged It Is 

dcri^letolc*TethertboliipoeltlQn£bet*om(*itligtopreiTeT\iTOCtr*«nn\ anb^i^m^Itniann 
If nreewary be yflw-trd by ao npmatd tnetaUie *-\ten-wi attaehrd to tbe 
l£.^*rTrr ^oth^dandeifcoideartDaReaantntart tbe mbber tube mar 
beremored.fternoertbreerreeky tbe mannarre I, *l«p*e and eondsl In enn-lng the lao^x 
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inhaled blood, it must then be decided to allow free external escape, for fear 
of asphyxiating the patient 

During transportation it is best to maintain the sitting position for the 
reasons already given The patient may be allowed to ivhisper if he so 
desires 

Control of iiiEMORRHAOE, whether primar}'^, leactionary or secondary, 
IS attamed by the hgation of divided vessels after wide exposure , with 
extensive wounds it is adAusable to tie the external carotid artery and not 
its mdividual branches Bleeding may be controlled b}^ pressure and plug- 
gmg m some cases, but hgation of the vessels is preferable Pressure must 
not be so powerful as to obstruct the airway Downward passage of blood 
maj’’ cause obstruction of the trachea and bronchi and may also lead to 
infection of the lungs , the latter possibility is greater if infected clots enter 
the lungs 

If a suction pump is available, its use vail be of great benefit in dealing 
with these complications 

A soft rubber catheter is passed through the wound or down the 
tracheostomj'- cannula to remove the blood and secretions 

Relief of respiratory obstruction — If there is severe dyspnoea, and 
if there is a vade enough external fistula, it is permissible to insert a cannula 
as a temporar}^ measure If the wound is not of suitable size and position, 
it is justifiable, in emergency, to make an mcision through the crico-thyroid 
membrane m order to mtroduce a lar^mgostomy tube But in neither case 
must these measures be considered as more than temporary means of rehef, 
because the retention of a tube in contact vath the larjaigeal cartilages for 
more than a few hours ivill cause perichondritis 

As soon as possible, tracheostomy should be performed under local 
anaesthesia The trachea is opened, preferably at the level of its third or 
fourth rmg , the first rmg must never be cut and the second is best left 
untouched A detail of technique of some importance is the makmg of a 
vandow m the trachea, sufficiently large to admit the cannula, while pre- 
ventmg passage of air past its margins This modification prevents sloughing 
of cartilage, which maj'^ occur if only a slit is made It permits free respira- 
tion if the cannula becomes dislodged and has to be removed temporarily 
It also enables replacement of the tube 

Tracheostomj'' is required m a considerable proportion of larjmgeal 
wounds It should not be delayed if marked stridor is present while the 
patient is awake , avoidance of the operation has the danger of predisposing 
to surgical emphjRema and respuator^'- infections 

Dangers should not be great if the operation is performed satisfactorilj^ 
under local anaesthesia and if after-treatment and nursing are efficient 
Septic secretions must be prevented from tnclding down the trachea by the 
provision of free drainage, b3'' the use of suction when available and by the 
frequent renewal of dry dressmgs to act as absorbents If b}'' mischance 
or misjudgment the cannula has been mtroduced so high in the trachea 
as to cause irritation of the cricoid cartilage, the first necessity, after 
discover}'' of the mistake, is to perform a second operation and to replace 
the tube at a lower level 

Local sepsis is treated b}^ the provision of free drainage, by the removal 
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through a direct laryngoscope and pulling the tube and siKer Miro out iiitli strong forceps, the 
uire must bo siifTiciently flexible to uithdrau mthoiit undue diflieiilty 

A fistula between the larynx and pharjnix or oesophagus will require 
repau This is effected by opening the larjmx and incising the mucosa at 
eithei edge of the fistula 

The cut margins are turned mu ards and united, thus leaiung a rau surface on the laryngeal or 
tracheal aspect To this area a skin graft on a rubber tube is applied, as already desenbed , m 
some cases a skm flap is required to close the defect The three conditions mentioned, cohesion 
of the X ocal cords, stenosis at the level of the cricoid cartilage and laryngo oesophageal fistula, irero 
present in the patient uhoso radiograph is illustrated (see Fig 79G) Treatment xvas earned out on 
the lines detailed abox c, xnth restoration of normal respiration, phonation and deglutition 

A fistula between the laiynx and the exterior is dealt with by splittmg 
the margms of the adheient skm and mucosa and closing the gap in layers 
by stitches, oi, in extensive defects, by the use of skm fiaps 

If the deficiency is xxnde it is necessary first to turn ox er a flap of skm to face inxx ards and to 
umto it to the spht edges of the x\ ound A second flap, denx ed from the region above or heloxv the 
defect, or slid in from one side, is then used to cover the raxx surface 


WOUNDS OF THE TRACHEA 

Injuries of the trachea aie of slightly less impoitance than woimds of 
the larynx if situated m the extrathoiacic poition One reason is 
the greater calibre of the trachea The glottis is the nariowest part of the 
airv^ay and is therefore more liable to obstruction, whereas the trachea 
possesses a considerable reserve of cross-sectional area beyond the usual 
necessities of respiration Secondly, there is less hability to peiichondntis 
of the tracheal rmgs as compared ivith the cartilages of the larjmx 

Patients with womids m this legion are seldom seen ahve, ovung to the 
proximity of vital structures m the neck, including the spinal cord and great 
vessels 

Damage to the mtrathoracic portion is almost alwaj'^s associated with 
mjur}'' to the pleura and lungs, while the proximity of large vessels still 
further adds to the gravity of such a wound It is possible, howevei, for 
the patient to survive, at least temporarily, after sustammg a wound of 
such a type 

The oesophagus may be damaged by the missile, with the fuither pro- 
duction of an oesophago-tracheal fistula , survival is then unhkety 

Penetratmg woimds of the extrathoracic pait do not require treatment 
differing from that outlmed m deahng with the larynx Descent of blood 
and of septic secretions are the chief dangers , aspiration vath a catheter 
passed through the wound is desirable if a suction pump is available 

It IS possible that stenosis may supervene m cases that recover , operation 
for the restoration of a sufficiently wide lumen is then required, with insertion 
of a skin graft held m place by a rubber tube 

In some cases a plastic operation is preferable, skin flaps being turned in 
and subsequently muted to restore tlie airwa3>- 

the effects of gas on the upper Am PASSAGES 

Certam mhaled gases cause irritation of the mucous membranes of the 
nose, pharjmx and larynx The effects are, however, not so marked as 
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It la advi*©d to imgate the noee and nnsopbanTix with a eolation of 
Bodium bicarbonate 

Prettiition is effected by the wearing of a respirator before the vapour can 
be inhaled The delayed action ofmustard gas presents difficulties Indicators 
showing a change of colour when the gas is about are useful tiie amell of 
the gas resembles garho and may be a gmde to its detection 

Patients with traclieostomy require a special respimtor of the hooded 
tvjie 
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in the bronchioles and alveoli A short account will be given of the various 
irritants, classified according to the legions which tliey affect 

Lachrymators or tear gases irritate the e^^es and may in higli concentrations 
affect the lungs 

Nasal irritants or nose gases are mostly aisemeal compounds , they cause 
mtense pain in the nose, sinuses and chest, associated with Iachr 3 Tnation, 
fullness m the head, sneezing, salivation and vomiting The symptoms 
subside one hour aftei removal fi om the gassed aiea The effects are upsetting 
rather than dangeious. 

Lung irritants or choking gases include chlorine, chloiopicrin and phos- 
gene Thej" affect both the lower as well as the upper an passages , death 
maj^ occur from pulmonar}^ oedema Earty symptoms include catching 
of the breath, with choking and couglnng, followed by asphyxia and 
c3'^anosis 

Of these gases phosgene is not of great importance m the present con- 
nection, as its effects are felt mainly in the lungs, where acute inflammatory 
oedema is produced There maj'- be desquamation of the mucosa of the 
trachea, but no marked effects in the nose or larynx, 

Neither S 3 ’’mptoms noi signs are marked m the uppei air passages 
Vesicants or bhstenng gases mclude mustard gas and lewisite The 
results of exposure sliow themselves as acute conjunctivitis and inflammation 
of the mucous membrane of the respirator}'" tract Shock, followed by septic 
bronchitis or broncho-pneumonia, may cause death (Fig 797) 

Mustard gas is peculiar, having a delayed action, its effects being felt 
onl}’- after a lapse of two to six hours There is marked local reaction, with 
rhimtis, conjunctivitis and possibly necrosis or desquamation of the tracheal 
mucosa, where sloughmg may take place 

Bacterial infection may follow and cause secondary septic broncho- 
pneumoma , death results from the latter comphcation and not from the 
primary effects of the gas Of mmor signs, lar 3 ’-ngit]S is to be mentioned, as 
well as rlumtis and conjunctivitis , the sense of smell is soon dulled Hoarse- 
ness and aphoma are frequent symptoms There may be oedema and 
sloughmg of the vocal cords after exposure to high concentrations of the gas, 
vnth dry, irritatmg cough as a result of the effects on the trachea The 
pharj'Hx as far as the crico-phaiyngeal folds may show marked reactionai}^ 
changes , the oesophagus is imaffected. Involvement of the lower respiratory 
passages produces generahzed oedema with disruptive empfij'^sema , profuse 
mucopurulent sputum, with rising temperature and pulse, are advancing 
signs The patient dies of asphy^aa For the larynx an oily spray of hquid 
paraffin is recommended, together with steam inhalations of menthol and 
henzom Irrigation of the nasopharynx with sodium bicarbonate is said 
to be of use If the patient survives, cough may persist , aphonia ma}’^ he 
prolonged, but if so it is probably functional m type There should be 
practically no permanent after-effects 

Levhsite resembles mustard gas but is quicker in action and also has a 
severe toxic effect by local absorption The nasopharynx is affected m a 
very fev mmutes after exposure 

The gas is very irritating to the nose and causes sneezing, together with 
lachiymation 



CHAPTER LX\ir 
WOUNDS OP THE DEBIT 


W OUKDS of tho orbit nrt> geuorallr clue to direct violence ^ orv 
mroh ftTO tbe\ doe to fractnro of tho skull extending into the orbit 
Even in c<moa of the gravest gunshot wounds of the cranial vault 
there is no evidence of orbital fracture (Lagrange) However it 
must be noted that radiographs often fall to show fractures of tho orbital 
walls 

On account of their high ^e]oclt 3 bullets Inflict the most severe injuries 
Both orbits nia\ bo traversed (Fig 708) and m a numlior of cases considerable 
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damage is done to intracranial btructuroe and the accoasorj nasal air suiusea 
Among soldiers who survive bullet "wounda of the orbit it is remarkable that 
tbe course of the miaaho is ao frequently oblique (Fig 709) tho direction being 
very vonablo and involving tho skuU brain, nose face jawa and neck, thus 
adding conaidorably to tho associated comphcatlons The relative extent 
and severity of bullet injuries is due to the tearing rippuig and bursting 
effect produced m traversing tissues of varying densitv Several machine 
gun bullets mav become lodged m an orbit causing a severe degree of 
exophthalmos In some cases the orbital walls are dnvon in but not per 
forated b\ tho fragment but the concuasion effect on the eye and orbital 
contents is coasidorable The commonest marginal injuries are depressed 
and comminuted fractures of the malar boue and tho suprtuDrbital ninrcin 
associated with large lacerations of the soft parts of the brow ei-elids nose 
8*1 




WOUNDS or TIIB ORBIT 


823 


and proliferating ohoroido retinitis (eeo chapter Json perforating Injnnes 
of the Ereball ) 

Avulsion of the optic nerve is cbaractenied ophthalmoscopicallv bj deep 
excavation at the site of the optic disc attennation of the branches of the 
central retinal \'es 8 el 8 penpapillary ndiito exudate fibrous tissue and 
hfemorrhages Later the cavitv at the optic disc becomes filled m with 
cicatncnal tissue The optic nerve may bo tom across between the globe 
and the optic foramen In some instances there nia\ be chnrnctonatio 
ophthalmoscopic evidence suggesting a site of Injurj anterior to the ontrv 
of the central retinal vessels and therefore implicating these m the woimd or 
behind this point leaving the veoscls in 
some instances undamaged A tear in 
the optic foramen or optic canal is 
followed b\ ophthalmoscopic signs of 
optic atrophy obvious about three 
weeks after the v, ound 

Htemorrhoge into the optic non-e 
sheaths and inside the nerve ma^ follow 
direct mjurj or severe cononsmon from 
a bursting shell In a few hours thare 
is cedema of the optic disc and mooula 
and penpapIUai^ minute fiarae-siiaped 
hfemorrhages The retinal artenos are 
reduced m calibre and the veins con 
geeted. Compression of the papillo- 
ma cular bundle causes a central scotoma 
and there is also some penpherai con Fio soi 

traction of the vmiftl field In some The w»]] erftho orbH. (AptrTTMff) 
cases hfemorrhagee extend from the 

optic disc into the retina and vitreous Choroidal hjemorrhagee and lesions 
at the posterior pole are eometimee aseoclated with subdural and Intraneural 
haemorrhages of the optic nerve In sever© cases there Is at first complete 
loss of vision (no perception of hght) followed by some recovery but rareh 
18 this complete A residual sign of subdural and intraneural hfomorrhage 
is the pr es ence of fine reddish brown pigment granules thought to be 
hfomatogenous around the optic disc and at the macula 

Lamnge hu reported » nv of bCUtml rrtn>bQlb*r optic tmnUb «Iikt attnlmtod to direct 
•pfTM of lnfl*onii*tioii from infroted utmI «sd kIoiuI remiuuiU la the »tump of » ih*t±ered eye 
remoral of ^hlch wm foDtrwed by nbcidenc* of the optlo Denritlt and TifUil t«ovety In the 
nninjnied eye 

Utisoles — The action of the extro-ooiUar niusoloe is often hnpairetl in 
wounds of the orbit owing to concussion effects hiemorrliage tears either 
through the tendinous insertion or the muscle belly avulsion from the site 
of origin at the apex of the orbit (fitim the floor in tlie case of the inferior 
oblique) and damage to iior>*© suppK The pulley of the superior oblique 
IS dislocated m fractures involving the supero medial quadrant of the orbit 
"U ounds in the npper part of the orbit and fractures of its upper wall mar 
hivolvo the levator paJpobrre supenons and suponor rectus muscles 

the frontal lachr\Tnal trochlear and upper di\u8ion of the oculomotor ner^-eo 
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and face together with loss of the eye A violent fall on the orbital margin 
follownig an explosion (“ blown up ”) may lead to partial or complete optic 
atrophy on the same side as a result of a ffactme or hmmorrhage, damaging 
the optic nerve at the optic foiamen or m the optic canal Bajmnet thrusts 
in the orbit are a rarity 

EFFECTS OF ORBITAL WOUNDS 

The effects of orbital wounds depend upon the size, shape, number, 
velocitv and course of the nussiles Figs 800 and 801 illustrate the more 
impoi tant anatomical relations of the orbit and some of its contents 

SUPERIOR RECTUS LEVATOR SUPRA- SUPRA- 

AND 3RD N PALPEORAE ORBITAL N TROCHLEAR N PULLEY 



Fig 800 

Dissection to show orbital nerves from m front <” WoI_ff*s Anafomi/ of the Eye and Orhxtf* Leicit ) 


The eye and optic nerve — In some cases the eye escapes damage, in 
otheis it IS completely disorganized and all that remams is a painful inflamed 
stump composed of fragments of sclera and uveal tract attached to the 
optic neive sunk deep mto the orbit or even displaced mto the antrum 
Concussion may cause sphts and tears m the mtra-ocular membranes 
traumatic cataract, retmal detachment, commotio retmfe, retimtis proliferans 
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«k 1 proUferatuig choroido retinitis (see chapter Json perforating Injuries 
of the Eyeball ) 

Avulsion of the optio noire is chnracterued ophthalmoscopicallr by deep 
cicavntion st the site of the optic disc attenuation of the branohea of the 
centrsl retinal vessels ponpcpillary white exudate fibrous tissue and 
httraorrhage* Later the cantv at the optio disc becomes filled m ^ith 
cicttncial tissue The optic nene nie\ bo tom across between the globe 
and the optic foramen In some instances there msj be charaotenstio 
ophthalmoscopic evidence suggesting a site of injurj anterior to the entry 
of the central retinal vessels and therefore impbcating these In the ^TOu^d or 
behind this point leaving the vessels in 
some instances undamaged A tear in 
the optic foramen or optic canat is 
followed b\ ophthalmoscopic signs of 
optic atrophj obvious nbont three 
ireeks after the wmund 

Honnorrhago into the optio nerve 
sheaths and inoido the nerve max follow 
direct Injury or severe concussion from 
a bursting shell In a few hours there 
IS oedema of the optic disc and macula 
and ponpapillarv minute fiame-obaped 
biemorrhages The retinal arteries arc 
redneed in calibre and the veins con 
gested Compression of the jiapillo 
macular bundle causes a central scotoma 
and there is also some peripheral con 
traction of the visual field In some 
cases hiemorrhages extend from the 
optio disc into the rotins and vitreons 
at the posterior pole are eometimes associated with subdural and intraueural 
hemoi^ages of the opbo nerve In severe cases there is at first complete 
loss of vision (no perception of light) followed bv some rocoverv but rareh 
ifl tins complete A r^dual sign of subdural and mtranenml ha?morThage 
IS the presence of fine reddish brown pigment grannies thought to be 
biematogenous around the optic disc and at the macula 

L4gr»aj© Om reported ft c*m of bOftlcTftl retrobolbftr optac neuritl* which be «ttnbnted to dliwrt 
tpreftd of mflimnutioa from lofeeted Breal and ftHml renuumtv la tbe (tamp of • (battered ej-e 
rdaoTftl of which wm followed be (nlwidrwe of the optic nooritK and rirual Ltii T ji. 'e ij tn tbe 
nnhijaied eye 

Ktuclea — The action of tlie extm-ocular muscles is often unpaired in 
wounds of the orbit owing to concussion effects hxemorrhage tears either 
through the tendmous insertion or the muscle bell} avulsion from the site 
of origin at the apex of the orbit (from the floor m the cnae of the infenor 
obbqno) and damage to nerve supplx Fhe puUoj of the superior oblique 
IS dislocated m fractures involvuig the supero-niedial quadrant of the orbit 
^ ounds in the upper part of the orbit and fiactures of its upper wall m*} 
mvolve the levator pajpebne sepenom and superior rectus muscles 
the frontal lachrymal trochlear and upper division of the oculomotor nervee 
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Woundb in the lower pait of the orbit damage the inferior oblique and 
inferior lectus muscles , the external rectus is commonly injured when the 
malar bone and lateral wall are involved , and the mternal rectus has been 
torn clean awa3’' from its insertion in wounds of the medial wall 

The signs of muscle injurj’’ are absence oi impairment of its action, 
diplopia and, if the mjury is m front of the equator, local tenderness 
Diplopia IS compensated in some measure bj'’ a charactenstic turn or 
inclmation of the head towards the direction in which the mjured muscle 
acts In severe cases total ophthalmoplegia and luxatio bulbi may he 
evident The sphincter pupillai muscle may be involved in radial sphts 
in the pupd margin , also iridodialysis and traumatic mydriasis may be the 
result of concussion Verj'- rarely is there paral5’-sis of accommodation 

The sympathetic nerve has been divided in the neck and its perivascular 
fibres at the apex of the orbit b3’- bullet wounds traversing the neck, face, 
orbit and skull Enophthalmos, ptosis, constriction of the pupil and other 
characteristic defects in sympathetic nerve suppl3’^ have been noted Some 
return of function has been observed four months after the injury 

Blood vessels — Severance of important blood vessels at the back of the 
orbit produces rapidl3'' increasing exophthalmos The eye is displaced 
direct^ forwards, there is subconjuhctival ecch3’^mosis and mfiltration of 
blood mto the hds and adjacent soft tissues of the face In severe cases 
luxatio bulbi occurs, but later the e 3 ’-e ma3^ resume its normal position 
but vision be lost (Foi arteno-venous aneur3’^sm see Chajitei XX^TII ) 
Lachrymal passages — Epiphora ma3’- be caused by eversion of the lower 
punctuni associated with traumatic ectropion of the lower hd , occlusion 
of the lover punctum and canaliculus from fibiosis of a healed lacerated 
vound and fibrous oi osseous obstruction in the lachr3Tnal sac and uaso- 
lachiiunal duct the sequel of a perforatmg ivound and fracture 


COMPLICATIONS OF ORBITAL INJURIES 

The immediate comph cations of orbital injuries are those due to the 
damage of its important structures and are described bnefly above The 
foUovmg are some of the commoner comphcations that maj”^ anse soon after 
the mjur3'^ or at a more remote date 

Surgical empfij’-sema is more commonl3'^ associated with womids of the 
medial wall of the orbit, but it raa3'^ also occur when an orbital fracture 
extends mto an3^ of the accessoiw nasal au smuses that retam a patent 
communication vuth the nose 

Infection — Infection with pyogenic ozgamsms is common when the 
accessory nasal smuses are mvolved and particularly when fragments of 
missilas are retamed m their cavities Infection spreads from the nose to the 
cellular tissues of the orbit and leads to orbital ceUuhtis and abscess formation 
m the muscle cone and elsewhere m the orbit Cavernous sinus thrombosis, 
extradural abscess, acute memngitis and cerebral abscess are infective 
comphcations associated voth orbital vounds 

Lagrange reports the case of a French soltlier ■iihosc hds verc adherent after an orbital nound 
This patient gave no s^^npto^ls or -iot'- of meningeal or cerebral complications, and radiographs 
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did not itm*\ * fnurtnre of tb« ofbit. Through tho eWd bd» » round MrlHng iu the orint »bc«t 
the ttM of the «ye wM p«lp«teU- The »dhrm»t lid margin wM dlvidfd »ith •ci^wi ^ ^ 

time o pened an Infected Bteniopo-cocephaloccle After thU operof k® there occuned •prcKinig 
taeninefth tnd mcephatrti* end the putient died. 

The retention of infected remnants of uveal tract in the stump of a 
disorganixed eye itia\ endanger the other with sjonpathetio ophthalmltia 
Fibrosis after subsidence of orbital coUahtis w said to cause oDophthalmos 
and impainnont of all ocular niovemeuta Gas gangrene of tho orbit is 
quite rare 

Herve* — Damage to tho branches of the ophthalmic division of the 
tngorainal nerve ma\ result m trophic changes in the cornea and lead to 
neuroparalytic keratitis Division of the sympathetic nerve fibres has been 
blam^ for a trophic disorder eharactenied bv atrophy of the orbital fat 
followed by enophthalmos impaired mobility of the eye comeal ulceration, 
keratitis entropion and trichiasis owing to the absence of mechanical support 
to the hds Inyolyemout of the mfra-orbltal nerve In scar tissue and callus 
has been the cause of blepharospasm and photophobia nhJch have 
disappeared on freeing the nervo In fractures of the roof of the orbit 
horma oorebn ma^ be a troublesome compbcfttion. 

Exposure ulcerttioa of the cornea — A degree of exophthalmos which 
does not allow comfortable closure of the hds over the whole cornea may 
endanger tho vitalitv of this structure from drying lose of epithehrun 
nlcoration and infection Hyjiopyon and panophthalmitis are senoua 
eompheations tho latter being fatal to the or© Severe orbital hffimorrhage 
relatively large or multiple orbital foreign bodies and cellubtis are the usual 
causes of severe exophtlialmos 


IRVESnOATIOF OP AK ORBITAL WOTJTO 
Clhaleal — ^The tnapfdion ahoold be made from the front the ode and by 
standing behind tho patient and looking over the frontal bone suprn-orbital 
margm and nose from above Diaparitv m aire of the orbita 
asymmetry in ahape depression of the uiargins dilTerenoes in 
the level of the two eyes and other aasoewted facial defects 
should be noted A carofol earvev of the scalp ehould be made me 
for sometimes mmute abell fragmontfl enter the occipital region 
and pass forwards through the bram to become lodged m an 
orbit The noae should be examined exfernall\ and through a 
speoulmn for evidence of fracture of tho medial wall of the 
orbit or an intra nasal foreign body The frontal smuaes and 
antra should be transiUominated for the presence of a largo 
foreign body pus and blood Tho moirth should be looked at 
for any defonmtv of the hard palate and manlhe The neck 
ma> bo the site of an entry wound of a bullet which has 
divided the cemcal sympathetic and ina\ have traversed the 
mouth and face to end in an orbit Defects deformities 
discoloration and loss of mobility of the hds are noted 
I>o«marTEo retractor (Fig 802) is inserted and the upper lids 
gentl} separated from the lower without pressure on tho globe ^ 

An external examination of the eye is made supplemented by n 

91 
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Wounds 111 the lower pait of the orbit damage the inferior oblique and 
inferior lectus muscles , the external rectus is commonly injured when the 
malar bone and lateral wall are involved , and the internal rectus has been 
torn clean away from its inseition in wounds of the medial wall 

The signs of muscle injurj'’ are absence oi impairment of its action, 
diplopia and, if the injury is in fiont of the equator, local tenderness 
Diplopia IS compensated in some measure by a characteristic turn or 
inclination of the head towards the direction m which the injured muscle 
acts In severe cases total ophthalmoplegia and luxatio bulbi may be 
evident The sphincter pupiUm muscle may be involved m radial sphts 
in the pupil margin , also iridodialysis and traumatic mydriasis may bo the 
result of concussion Very larely is there paralysis of accommodation 

The sympathetic nerve has been divided m the neck and its perivascular 
fibres at the apex of the orbit by bullet wounds traversing the neck, face, 
orbit and skull Enophthalmos, ptosis,- constiiction of the pupil and other 
characteristic defects in sympathetic neive supply have been noted Some 
leturn of function has been obseived four months after the injury 

Blood vessels — Severance of important blood vessels at the back of the 
orbit produces lapidly increasing exophthalmos The eye is displaced 
directly forwards, there is subconjuhctival ecchymosis and infiltration of 
blood into the lids and adjacent soft tissues of the face In severe cases 
luxatio bulbi occurs, but later the eye may resume its noimal position 
but vision be lost (For arterio-venous aneurysm see Chapter XXWII ) 
Lachrymal passages — Epiphora may be caused by eversion of the lower 
punctum associated with traumatic ectropion of the lower hd , occlusion 
of the lower punctum and canaliculus from hbiosis of a healed lacerated 
wound , and fibrous oi osseous obstruction in the ]achr3’mal sac and naso- 
lachrj'^mal duct, the sequel of a peiforating wound and fracture 


COMPLICATIONS OF ORBITAL INJURIES 

The immediate complications of orbital mjuiies are those due to the 
damage of its important structures and are described briefly above The 
following are some of the commoner complications that may arise soon after 
the injurj^ oi at a more remote date 

iSurgical emphysema is more commonly associated with wounds of the 
medial w^all of the orbit, but it may also occur when an orbital fracture 
extends mto any of the accessoiw'^ nasal air sinuses that retain a patent 
communication with the nose 

Infection — Infection Avith pyogenic organisms is common when the 
accessory nasal sinuses are involved and particularly when fragments of 
missiles are retamed m their cavities Infection spreads from the nose to the 
ceUulai tissues of the oibit and leads to orbital celluhtis and abscess formation 
m the muscle cone and elsewhere m the orbit Cavernous sinus thrombosis, 
extradural abscess, acute meningitis and cerebral abscess are infective 
comphcations associated wnth orbital wounds 

Lagmngc reports the case of a Frtntli soldier whose lids were adliercnt after an orbital wound 
This patirnt pave no s\ mptorns or sipns of meningeal or cerebral complications, and radiographs 
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»kin flap including the buccal mucoua mombrano mlay is fashioned ao 
that it may be dmwu over the fistula and seonred bj mattresfl Hiittiros 
The stent is remored and the buccal mucoea trmmied in order to fit the 
aperture in tlie sinna irnlJ and anv defect loft bv sliding the skin graft 
IS repaired by the Thiersch method Four ireeks later a ahce of cartilage is 
inserted betireen the skin and the mucous membrane graft so ns to build 
up ^ secure ttrU and fill in anj depression that msj exist Cartilage should 
not ho directl} In contact inth nn air sinus it becomes mfooted then extruded 
In tins as in plastic aurgerj of tbe eye nose and mouth it is essential to 
construct first a suitable lining then add the ovorlving skm and supporting 
tisnies Cartilage and bone grafts should always be covered by fastia 
If the skin is sutured directh over such grafts they may become extruded 
ExiUontion of the orbit — ^Foreign bodies situated in the orbital tissues 
withm 2 un of the orbital margin maj bo extracted through an appropnftte 
incision throngh the hda but a hen placed 
behind this level the rotro-ocular contents 
of the orbit must be exposed bj means of 
a KrOnkrin s operation (Fig S03) In the 
KrOnloln operation it Is often necessary 
to divide the external rectus muscio and 
this should be done If possible between 
tho equator and its insortion in order to 
avoid damage to its ner>o supply and at 
tho end of operation the external rectus 
muscle belb mnst be kept clear of the 
resected bone of the outer orbital wnD 
when it 18 replaced, otherwise adheatooa 
may form and also Ixt a ceuso of impair 
mont m its action Large foreign bodies 
wili be evident and must be removed with 
careful attention to adjacent stmoturos nud inth tho ai oidance of damage to 
the optic nerve and intm-orbital nerves and tbswIs Small foreign bodies are 
difficult to locatn Gentle exploration with tho gloved forefinger may detect 
the site or failing this a long terminal of an electromagnet may be mtro 
duced and the extraction of the foreign bodj assisted by sepamting anv 
adherent tissues with a fine pair of blunt dissecting forceps The lower 
and outer angle of the orbit and the akin flap should be drained for forty -eight 
and twenty four hours respectively after KrOnlein s operation It is a safe 
precaution to perform prebmmarv tarsoirbaphy beforo operation and to 
leave this for three or four weeks during the post-operative subsidence of 
exophthalmos 

TarsonrhAphy is also a safe prevontixe measure beforo operating on an 
orbital abscess particularly when this is associated with fitmtal amusitis 
If a firm taisorrhnphj has not boon done the temporary post -operative 
orbital cedeaua mav cause exposure ulceration and ir^eotion of tho cornea, 
with hypopj-on and loss of the eye ftom panophthalmitis To avoid such 
ocular dwasters m pn^reeaive or severe exophthalmos due to orbital wounds 
tortorrhaphy is necessary If this is either morhaiucally impcwible or the 
taTsoiThnph> breaks down temporary protection of the cornea must be 
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a moie detailed inspection with the binocular corneal loupe The visual acuity 
IS estimated and a rough visual field may be taken by the confrontation test 
or by projection of light A fundus examination is made if the transparency 
of the media permits this The ocular movements are tested and the 
remainder of the cranial nerves are investigated Some concussion injunes 
producing ocular and orbital damage also cause rupture of the tympanic 
membrane on one or both sides, followed by mucopurulent discharge from 
the external auditory meatus 

Palpation ehcits the nature of a depression , local tenderness , crepitus, 
osseous or due to surgical emphjcsema , pulsatile exophthalmos , the presence 
of foreign bodies , fluid It may also be used to determme roughly the 
mtra-ocular pressure The intra-ocular pressure may be assessed more 
precisely by SchiOtz’s tonometer 

The patency of the lachrymal passages is tested by dilatation of the lower 
punctum and gentle irrigation with sterile normal sahne 

X-ray exammation Wjll marginal fracture defects of the orbit and the grosser fractures of 
its walls, but some losses of bony contmuity m the nails arc not oMdent m radiograpbs Foreign 
bodies are located by stereoscopic methods The introduction of lipiodol into the lachrymal passages 
IS a necessary diagnostic procedure m some cases Localization of an orbital foreign body by passing 
a probe and taking radiographs during operation may be necessary 

Pathological mvestigation — smear should be made from discharge and 
a culture prepared 


TREATMENT 

First-aid treatment in the field consists of cleaning the orbital area and 
covenng it with a dressmg and treating the shock, which is often severe, 
especiallj^ if the globe is ruptured The wound should on no account be 
probed until a reliable X-ray has been taken and there are proper facihties 
for completing anj'’ necessary operative procedure Tme judgment is often 
required in order to assess the dangers either of leavmg a foreign body 
in siiv, or the advantages of its extraction and the prognosis of complica- 
tions 

In the case of compound (open) fractures early excision of the wound 
should be performed Bone sphnters adherent to periosteum should be 
left, but if free thej^ should be removed Fractures oi the orbital wall 
are often more serious than those of the margm on account of the greater 
shock to the bram, and the difficulties in establishing dramage Tbej'^ 
are often concealed and not evident on X-ray exammation Death from 
menmgo-encephahtis between the third and sixth days occurs in some 
cases SmaU orbito-palpebral wounds should be regarded seriously An 
mfected wound, intracranial symptoms, a nsmg temperature and headache 
indicate the need for exploration, cleansmg of the track and adequate 
dramage Sulphonamide therapy is of great value 

Hernia cerebn requires treatment by repeated lumbar puncture and 
aseptic protection A cerebral abscess wiU need exploration and drainage 
In the closure of an mfected fistula of an accessory nasal air smus it is 
essential to remove any foreign body which it may contam, to wash out the 
cavity, and a veek or so later to bury beneath the adjacent skin a buccal 
mucous membrane graft over a stent In eight to ten days a suitable shdmg 
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avoid this it may bo noccasar^j m some cases to perform a preliminary 
operation to mobilize the ekin and to add a Wolfe or Olber Thiersch graft 
to make up an) deficiencj 

A depressed fraetnre of the malar bone inai be corrected b) sphtting 
the anterior third or half of the temporal muscle and turning it downwards 
and forwards beneath a bridge of skin at the outer angle of the orbit and 
Butimng it to the soft tissnoa over the depressed fracture A folded pad of 
fascia lata cut together with some fat from over the tensor fosciffl fomons is 
also satisfactory The fascia must bo appbed so that it hes outwards and the 
fat Inwards If wasting of the fat oconre at a later date the depression may 
bo filled in with a cartilage graft 

Depressed fiuctures of the floor of the orbit cause enlargement of the 
orbit the ej*e is on a lower level than its fellow deformity of the cheek la 
endont and diplopia may be troublesome Sometimes elevation of the 
depressed fragments mav bo effected long after the accident but it is ofron 
impossible to reduce satisfactorily sacb ft^otnrea A wedge of costal 
cartilage of appropriate dimensions inserted Into the floor of the orbit gives 
a good rcanlt Fractures of the medial wall maj be reduced bv intmnasal 
manipulations and the retention of fragments maintained bv wearing an 
Intranasal device moulded from ^tta percha In some cases it is nocosaary 
to explore the medial wad from the orbital aspect through a curved mcision 
lagrango recommends KrOnleln s operation combined with this, so as to 
fac^itate lateral displacement of the orbital contents but genorall) the 
exposure through a large mcisloa around the medial side of the orbrt is 
adequate 

The lachrymal pamses — Epiphora due to eversion of the lower punctmn 
associated with traumatic acatriaal ectropion may bo corrected by plastic 
repair of the ectropion Occlusion of the lower canaliculus from a tear and 
fibrosis may In «omo cases bo correotod bv a plastic procedure utihzmg folds 
of adjacent conjunotivn but this is difficult and often unsatisfactory 
Fractures of the medial part of the orbit and noee maj cause severance and 
occlusion of the nasolachrvTual duct b) fragments of bone and later callus 
fonnatiotL In such cases dacryTxystoThinostomy has to be considered, 
Socket — Retention of a prosthesis is impoesible in a socket that is too 
small and when the low er fomix is absent and the conjunctiva forms a sloping 
shelf downwards and forwards It is desirable to have an upper fomix in 
some measure but this need not be so deep as normollv and is not so essential 
for the retention of on artificaal eve as the lower fonux 

An orbit that is too deep may be built up mthor by fat and fascia graft 
or an ovoid cartilage graft Fat is bable to shrink, and may become 
diminished during a wasting illness and eenihty but cartilage mnmtams a 
constant contour Boldness ig nooded In tho reconstruction of a contracted 
socket Mucous membrane is tho beet tissue with which to line it but it 
Is difHcult to obtam suflloiontly large grafts of this tissue and eo In the majontj 
of eases a very thin Oilier Thiersch graft is used All adhesions fibrous 
hseue and conjunctiva are dissected away and the socket is rendered as 
m poaeiblo to allow for future contraction, A mould of stent Is in«rted 
into the socket its centre is perforated with a glass rod and it is cooled 
tn by dnppmg cold sabne over jt It is removed and evenly covered 
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effected by covering it eompletely with a conjunetival flap, iirigating with a 
continuous sahne drip apparatus, instilling drops of ol parolein at one-hourly 
inteivals or inserting a contaet glass 

Cellulitis of the orbit is best treated expectantly and by short-wave 
diathermj'- If an abscess becomes localized it should bo incised and 
drained 

Corneal ulceration requires cmettago of the d6bris in the floor of the 
ulcer, carbohzation, atropine and a pad and bandage , daily irrigations of 
the conjunctival sac, either with noimal saline oi an antiseptic such as 
hydrarg oxycyanide (1 10,000) If theie is mucopurulent discharge, 
atropine ointment and the instillation of eod-hvor oil diops are indicated 

Hypopyon (pus in the anterior ohambei) may loquno evacuation by 
paracentesis Destruction of the globe from panophthalmitis necessitates 
evisceration of its contents In some cases it is advisable to excise the 
sclera as well, leaving only a narrow frill around the site of the optic disc 
so as to avoid opening the sheath of the optic neive and infecting the 
meninges 


EXTRA-OCULAR MUSCLES 

In cases where it is thought that a muscle has been seveiely torn or 
completely divided at its insertion or in an accessible part of the muscle 
belly, exploration is justifiable when adjacent orbital haemorrhage has m a 
large measure subsided and before fibrosis and contraction have sot m 
In some cases of dislocation of the pulley of the superior obhque an 
attempt may be made to restore the pulley to its piopor site If the bones 
of the supero-medial wall of the orbit are considerably displaced this may 
be impossible, and to correct the diplopia operations on the opponents of the 
superior obhque will have to bo planned 


PLASTIC RECONSTRUCTION OF THE ORBIT 

It IS seldom that depressed fractures of the orbit can bo satisfactorily 
reduced by an operation and traction apphed to the fragments m an attempt 
to restore the normal contour Impaction, comnunution and involvement 
of one or more accessory air sinuses necessitates some other procedure to 
correct the deformity 

The limits of a depressed fracture of the supra-orbital margin may be 
measured by making a cast and shaping this so that its outer surface corre- 
sponds to the normal symmetry A well-nourished flap of skin is carefully 
dissected off the bone over the depressed fracture and into the cavity is 
placed a cartilage graft cut from the 7th costal cartilage and shaped to the 
exact size and shape of the cast The perichondral surface of the graft 
should be placed, if possible, in a position where a concavity is required, for 
this surface bends in such a manner The cartilage is secured m position 
with slings of mattress catgut sutures, or the bone and cartilage may be 
dovetailed by fashioning small slots in the bone and corresponding flanges 
on the cartilage Fascia is drawn together over the cartilage and the skin 
flap sutured so that the line of stitches does not he over the graft It is 
most important not to have the skin flap under tension, and m older to 
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avoid this it msv lx» necessarv m some cases to perform ft prelinunarv 
operation to mobilize the slan and to add a Wolfe or Olher Thiersch graft 
to make up anv deficrenov 

A depressed fracture of the maiar bone mav be corrected bv Bphttmg 
the anterior third or half of the temporal muscle and turmng it downwards 
and forwards beneath a bridge of skm at the outer angle of the orbit and 
sutunng it to the soft tissues over the depressed fracture A folded pad of 
fascia lata out together with some fat from over the tensor fascire femoris is 
olso satisfactorj The faeaa must be applied so that it lies outwards and the 
fat inwards If wasting of the fat occurs at a later date the depression mav 
be filled in with a cartilage graft 

Depressed fractures of the floor of the orbit cause enlargement of the 
orbit the eye is on a lower level than ita fellow defonmtv of the cheek is 
evident and diplopia may be troublesome Sometimes elevation of the 
depressed fragments may be effected long after the accident but it is often 
impossible to reduce satisfactonh such fractures A wedge of costal 
cartilage of appropriate dimensions mserted into the floor of the orbit gives 
a good result Fractures of the medial wall may bo reduced by mtranasal 
manipulations and the retention of fragments maintained by weanng an 
iDtranaaal denco moulded from gntta pe^a In some cases it is necessorv 
to explore the medial wall from the orbital aspect through a curved mcision 
Lagrango recommends Kronlem a operation corobmed with this so as to 
faciLrtate lateral displacement of the orbital contents bnt generally the 
exposure through a large uicinon around the medial side of the orbit is 
ad^nate 

The laohmtul pam^ — Epiphora due to eversion of the lower ponctmn 
associated with traumatic cicatnaal ectropion roa\ be corrected In plaatio 
repair of the ectropion Occlusion of the lower canahculus from a tear and 
fibrosis may in aome cases be corrected bv a plastic procedure atdizmg folds 
of adlscent conjunctiva but Dus la iifflcult and often unsatisfactory 
Fractures of the medial part of the orbit and nose mav cause severance and 
occlusion of the naso-Iachrymal duct bv firagments of bone and later callus 
formation In such cases dacryooystorhinostomj has to be considered 
Socket — ^Retention of a pirwtbetis is unpoasible in a socket that is too 
small and when the lower fonui la absent and the conjunctiva forma a sloping 
shelf downwards and forwards It is desirable to have an upper fomii in 
some measure but this need not be so deep as normallj and is not so essential 
for tbo retention of an artificial e\*e as the lower fbnux 

An orbit that is too deep may be built up either In fat and ihscia graft, 
or on ovoid cartilage graft Fat is liable to shrink and may become 
dimmisbod during a wasting illness and senflitv but cartilage mamtains a 
constant contour Boldness is needed in the reconstruction of a contracted 
socket ilucoos membrane is the best tissue with which to line it but it 
IS dlfflcult to obtam suffiaently large grafts of this tissue and so m the majority 
of cases a veir thin OUior Thiersch graft is used All adhesions fibroos 
tissue and conjunctiva are dissected away and the socket is rendered aa 
large possiblo to allow for future contraction A mould of stent is inserted 
mto the socket its centre is perforated with a glow rod and it is cooled 
tT% 9Uu by dnppmg cold sahne over it It is removed and evenh covered 
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With an Olhei -Thiersch giaft, the deep surface of which is placed outwards 
This IS embedded in the socket, a tarsorrhaphy is performed and a firm 
elastic pressure dressing of tulle gras, saline gauze, oil siUc, marine sponge 
and crepe bandage is apphed The stent is left in for two or more weeks, 
but it may be extruded before this After removal a glass shell is worn m 
the socket to prevent contraction until the full size piosthesis is retained 

The lower foimx alone may be reconstructed in some degree by burying 
a mucous membrane graft between the lower maigin of the orbit and the 
floor of the socket, and opening this later to lemove the stent and suture 
the conjunctiva to the mucosa Another method is to incise and undermine 
an apron of conjunctiva from the floor to the lower tarsus and to swing tlus 
vertically downwards and secuie it by mattiess sutures to the peiiosteum 
■of the orbital floor The raiv surface left in the flooi of the socket is covered 
with a mucous membrane graft 

An eyebrow may bo reconstructed by cutting a rectangular deimo- 
■epidermic strip of appropriate length and about 7 mm wide with shelving 
sides from the margin of the hair-beanng area behmd the mastoid process 
The dermal fat is excised until the roots of the bans aie showing, and the 
graft is fixed by sutures in a bed prepared for it by incising the skin over 
the supercihary ridge down to the periosteum It is important to mark the 
upper edge of the graft with a notch before its tiansposition so that the 
hairs may be directed downwards and backwards 

INJUEIES OF THE EYELIDS 

Wounds and burns affecting the eyehds and conjunctiva are of great 
variety, and often call for considerable surgical mgenmty and judgment in 
assessing the amount to do at any one stage of their plastic repair, and the 
length of the necessary mtervals between these operations 

It IS of immediate importance to ensure that the eye, if it is stiU present 
or there is a reasonable chance of its preservation, has adequate covermg 
protection Exposure of the cornea will lead to drjnng of its surface, 
ulceration, hypopyon and panophthalmitis Later, contraction of scar 
tissue in the face adjacent to the hds and orbit may result in ectropion and 
■exposure ulceration of the cornea, and such must be borne in mmd in 
desigmng the mitial plastic repair 

The superficial and deep extent of the tissue loss must be assessed 
carefully, and any late complications from contiacture foreseen If the 
wound in the eyehds or the adjacent tissues of the face has healed in a 
malposition, aU fibrous tissue must be excised thoroughly, the skm edges 
slightly undermined and the ongmal defect reconstructed so that appropriate 
plastic repau may be planned 

Burns o£ the eyehds — Tannic acid preparations are contraindicated m 
the treatment of burns of the hds, for the rigidity and contracture which 
they cause leads to corneal exposure In the case of first and second Older 
burns some measure of coagulant action without tissue contracture maj’’ be 
effected by the following procedure 

Clean the burn and adjacent skm with normal sahne, remove oil and 
grease with soap, open any blisters and remove loose epidermis Paint the 
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erea with gentmn vioJet (1 per cent ) aqueous eolntion which is non imtant 
Btronglv bactencidal nnd analgesic but with poor powers of congnbtion 
then wait five to ten miuutefl and apply adver nitrate (10 per cent ) Gentian 
violet (I per cent ) is rsappliod two or thieo times at fifteen rmnnte intervals 
The ores and o^-ehds are protected bj a atenlo wire gauss cage covered with 
a dr\ gauze dreasmg On the eecond da> gentian violet is reapplied onco 
or twice ^Vhen B cob infect the bum gentian Wolst is replaced with a 
mixture of gentian violet aenflavine and bnlbant green The eschar m 
verv pUablo does not crack at the skin folds or at tho ed^ If it is adherent 
as is sometimes the case m third or deep second-degree bums snigical 
removal b\ excision nndtr sodium pentothal aniesthoaia nnd Thiersch gmflmg 
is indicated In the case of severe bums in which the skin is extensively 
destroyed down to or through the orbicularis muscle d6bndonient followed 
bj tateorrhaphy and either Oibor Thierach or \\ olfe grafting is necossarr 
The tarsorrhaphj may bo left for two or three months, or longer until there 
is no chnicsal evidence of contracture When tlie whole thickness of the 
hd IS deatroyed one of the appropnato procedures desenbed below will 
hare to be undertaken (see Figs 804 S03 and 800) 

Oonlnnctivil Bamf-^mali losses of conjunctiva may be remedied by 
undormirung adjacent conjunctiva to fashion a aJiding flap end suturing 
this forward over the denuded area or hr turning a p^clc flap from the 
upper or lower formx over tho appropriate site In sevoro bums of the 
conjunctiva all dentalired tissue should be excised down to the sclcru and 
in the case of large defects buccal mucous niembrane grofts arc necessary 

WOUHDS OF THB EYELIDS 

The concusmon effect of a largo explosion maj split tho upper hd vertically 
for G or 0 mm Losses in akuj are oonocted bv either Olher Thiersch or 
Wolfe grafting snd temporary tarsorrhaphy The Olher Thiersoh graft 
has the disadvantage that it remauis white and mav contrast somewhat 
obnously -mtfa the adjacent akin whereas the '\\ olfe graft partioularty if 
the redundant skin of the oppoaito upper hd is used tones m well with the 
oolour snd texture of the hd skin SuA a surgical procedure should be done 
if possible within two to six hours of the infliction of the wound Belay 
may allow pyogenic infection and the subsequent fibrosis cause considerable 
contraoture Wounds mvoiving e loss of the whole thiokoeas of the lid 
require more elaborate plastic correction When the losa is leas than one- 
third of the lid a sliding graft of the adjacent tissues, such as ifiostrated 
m Fig 604 may produce adequate anatomical and functional restoration 
Tho more extensive losses must be reconstructed on tho principles of 
puppiying a limng epithelium buocal mucous membrane if the eye is present 
or an Ollier Thiersch graft if the eye has been removed The aupporting 
tissue of the Hd is built up bj burying in the graft either before or aftS 
moving it a thaving of auncufar or costal cartilage If the penchondnum 
IS left on oQo surface such a graft wiU bend so that the concavity u on the 
side of tho ponchondrlum nnd this ahoold therefore be the moor surfiiee 
facing the eye Adjacent muscle fibres mai be mobilized and mtroduced 
in the hope of obtaining some funoHonal restoration 
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Upper-lid reconstruction — ^Fig SOo illustrates the case of total loss of 
the left uppei hd To save the cornea from exposure ulceration it is 



A, Partjnl Joss of Jeft lower Ld DcficieucA repaired b\ 
sliding graft Excision of skin represented by shaded 
triangle to fncihtatc slidnig 



Fig 804 


•completely coveied b 3 '- imdeimimng a conjunctival flap and seemmg it by 
41 puise-strmg sutuie of No 1 silk, which holds for about eight davs. after 


A, Reconstruction of left upper hd 
a, Tom edge through base of upper 
hd b. Complete conpmctival flap 
over the cornea retained by purse- 
strmg suture c, Supra - orbital 
pedicle flap d, Buccal mucosa graft 
embedded beneath distal one third 
of pedicle 



B, Pedicle graft swmig mto place 
c, Tarsorrhaph3 mattress sutures 
Graft bed sutured 



•which the conjunctiva letracts to the hmbus To keep this moist a con- 
tinuous sahne drip and the instillation of ol parolem drops is necessary 
The site for a pedicle graft above the left eyebrow is maiked out m Bonnej’^’s 
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bhje The lower mnrgin of the incirfon inclndea a Imo of hairs from the 
upper margin of the eyebrow so that these may form a line of lashes m the 
iiewhd A piece of buccal mucosa to form the palpebral conjuncUra is 
folded over a thin stnp of stont the appropriate sire and shape and embedded 
beneath the skin at the extrtnnty of the pedicle The stent is removed 
when the pedicle is cut and swung down Into position Any buccal mucosa 
adherent to the bed of the pedicle is oxoieed The tune for swinging the 
pedicle into position has to bo determined bv the exposure of the cornea 
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Fu 809 


from the conjunctival flap giving wav This ina\ occur at anj time between 
the fifth and the elbhth day The conjunctival purw-etnng suture is removed 
the pedicle swung down and sutured in position and tarsorrhaphy it per 
formed The pedicle bed is closed by undermining the scalp over the frontal 
regron and inserting mattreae sutures passed through rubber tubing to 
avoid cutting into the akim Coametio adjustments on the pedicle may be 
made when the tarsorrhaphy is undono two to throe months afterwards 
In order to obtain some mobility in the hd attempts maj be made to 
separate some of the fibres of the orbicularis muscle and introduce these 
at a lower level mto the substance of the Ud and bv searching for the tendon 
of the levator palpebi* supenons and advancing this on to the anterior 
surface of the cartUago graft provioualy inserted to build up the sunportina 
tissue of the hd Failing this the central fibroa of the superior rectus muscle 
9^ 
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could be utilized, as in Motais’ operation The eyebrow hairs on the lower 
margin of the graft require training to avoid trichiasis 

Lower hd construction — Fig 806 shows the mam steps and stages of 
an operation for replacing the lower hd When the upper hd is mtact its 
margin is prepared at tliiee sites for tarsorrhaphy to the opposed skin edge, 
which may require slight mobilization by undeimining A strip of auricular 
or costal cartilage the size and shape of the lowei tarsal plate is inserted 
deep to the fibres of the orbicularis muscle and adjacent to the hd maigm, 
and coveied over before completing the tarsoiihaphy Three weeks later 
a buccal mucous membrane graft, the depth and length of the lower palpebral 
and bulbar conjunctiva and the lower fornix, is folded smoothly over a glass 
or metal mould and inserted deep to the cartilage through a curved incision 
made in the length of the lower hd and 1 cm below the level of the 
tarsorrhaphy hne Into the ellipse thus cieated a dermo-epiderraic graft 
IS inserted so that the hammock graft thus fashioned with the caitilage and 
buccal mucosa may move upwards Eight days later the taisorrhaphy is 
temporarily undone and the mould removed by incising down to its upper 
edge in the plane of the palpebral conjunctiva The edges of the buccal 
mucous membrane graft are apposed to the bulbar conjunctiva and the hd 
margin and, if necessary, sutured It may be necessary at this stage to 
leave the eyehds open for forty-eight hours to ensure that the cul-de-sac 
IS kept open and at the end of this time to remove any sutures mserted 
between the bulbar conjunctiva and the buccal mucosa and between the 
latter and the hd margm ^Vhen this is satisfactory, tarsorrhaphy is again 
performed and left so foi two or three months 
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CHAPTER lAXni 

NON-PERFOEATINO DfTOEIES OF THE EYEBALL 

[ Mj Tr pn« DUE TO GHEMGAL WAEPAEE 

A ll the gaiies uaed m modem war hare an effect on the eyes but of 
these onl\ two mustard and Jewisito are known to produce senous 
ocular lemons The lachiymatora (i) dht/hodoacetafg K SJK, 
(u) bromobtnzyJcyaHide BBC and (w) cMofcxicdopJteJione 
cause in concentration ua/nediato imtation of the eves a stinging sensation 
and a profuse Jachirmation. In the higher concentrations blepharospasm 
is evident The conjunctiva fa injected and swoUen but there la no mrolve- 
ment of the cornea Theso ocular symptoms disappeer in a few hours the 
eyes respond well to treatment by lavage with simple lotions and thoro la 
no residual neurasthenia 

The sensorv imtants — nrsenical compounds the asphyxiants phosgene 
and chkinne and the smokes —also cause mild conjunctivitis 

Mustard may be used as a spray from aoroplanee m shells bombs mortars 
and grouades Lewisite (^-chloronnvldichloroArsuie) which is similar to it 
in some respects was not used m the 1614 18 war The arsenic m it is a 
svstenuo poison is absorbod through the skin and lungs and has been 
recovered from the onne and tissues of expenmentnl animals Lewisite is 
more rapidly irritant than mustard has an eariy sensorv imtant action 
and the eve symptoms are therefore more severe 

OOULAE PaOTECnON 

Against these poison gases the soldier has his semco respirator tho 
eyepteces of which ore made of nou-splinterable glass 4 mm thick the 
headpiece is air ti^t and that together with the box filter gives him soouro 
protection against mustard and lewisite vapour 

In tho forward areas ho must wear an eye-shield mode of cellulose acetate 
which protects his eyes from droplets and sploshes of liquid mustnni 

BTUSTARD OAS 

Mustard gas is a eovero chemical imtant to living tissues wfth which it 
forms highly tone by products of dismtogration It has been suggested 
that it combines with the free amine groups of the protein molecules and 
forms a stable tovic substance With rare exceptions the reaction of a 
mmute drop of mustard (oil 0-004 c o ) on the eyes of man is followed by an 
unmediate mtenao and rapid reaction which seems to be quite unaffected 
at this stage bv any local treatment known up to the present 
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jNhistnul possesses a degree of liposolubilit}', but is relntivelj insoluble in vnter, at 10° C tins 
IS 0 07 i>er cent , and at bodj tempomturo 25 per cent of mustard m such a solution is hydrolysed 
in three minutes Tins reaction is not nccolcmtcd bj alkalis It is, boner cr, doubtful if hydrolysis 
III tho conjunctival sac plays much part m reducing the sorontr of the lesion Jlnstard is more 
readil} absorbed by the cornea than by tho skin Except for its peculiar and specific mtmccllnlar 
reaction it is not an active substance chcniicalh 

jMustaid vapoui in as low a concentiation as 1 10,000,000 in air produces 

ociilai symptoms and signs aftei a delaA’’ Amiying from two to forty-eight 
hours m the majoiitv of cases these occur six to eight hours after exposiue, 
but with the moie concentiated vapour the effect is immediate 

The inteiaction of iiiustaid with the secietions of tlie e^’^e causes an 
alteiation vdiich leaves the mustard inactive as such fifteen minutes after 
it has enteied the conjunctival sac The instillation of such secretions 
into the e 3 ’’e of an expeiimental animal is vothout effect Aftei the mitial 
leaction an oxidation process probably occuis 

Symptoms and signs — The seventy of the ocular injiiiy depends on the 
concentiation and the length of time of exposiue to the gas The action of 
mustard maA’’ be ciuuulative, and with the modern methods of hbeiation the 
piopoition of seveie cases wiU probabty be incieased The ocular lujur}’’ 
caused by mustaid is sloivl}'^ piogressive, and in moie severe biuiis theie is 
a maiked delav in heahng analogous to an X-ray burn 

Ocular injury from mustard vapour — 1 Coinea voi visibly affected — 
Theie is a sense of giittmess undei the lids and pain m and aiound the eves 
Photophobia, blepharospasm and lachr^Tuation follov^ In the shght or 
modeiately seireie cases the bulbai conjunctival vessels in the inteipalpebral 
zone aie congested and the conjmictiva swollen 

Functional photophobia may persist aftei all mflammatoiy signs have 
disappeared, and an anxiety state and feai of blmdness mav dela^’’ con- 
valescence In the 1914-18 wai about 7o pei cent of the mdd cases letiuned 
to duty in one to foui weeks, and in 15 pei cent of moderately seveie cases 
in which theie was no coineal damage theie was a lecoveiv in foui to six 
weeks (Figs 807 to 810) 

2 Coinea apx)') eciably damaged — In these cases jihotophobia, blephaio- 
spasni and lacluymation aie seveie The interpalpebial zone of the bulbar 
conjunctiva is white from a coagulated exudate, the piessme of which 
obhteiates the capillaiies Above and beloAV this chemotic conjunctiva 
bulges forwaid from the foinices The lids become swollen, led and adheient 
with sticky discharge and ciusts Acioss the cornea theie is a wide band-hke 
opacity continuous with the whitened inteipalpebial bulbai conjunctiva 
The cornea is stippled (“ orange skin ”), the coineal leflex is megnlar, 
the coineal epitliehum oedematous and loughened , latei it becomes ex- 
fohated and there is dimiiushed coineal sensation which persists foi weeks 
The pupd IS constiicted as a lesiilt of iiiitation 

Scconclarj infection from pjogcnic micro organisms, conical ulceration, bjpopion and pan- 
ophthalmitis arc comphcations Minch may folloM Mnthin four or five dais of the injury, and haio 
to he guarded against as far as possible Chest comphcations may reduce the reparatne process. 

A neurasthenic state sometimes compheates tho coni alcsccncc 

Ocular injury from mustard did drops — The effect of a minute diop 
of mustaid splashed into an e,yo is an intensification of the above sAunptoms 
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WOUNDS OF THE EYE AND ORBIT 


Mustard possesses a degree of liposolubility, but is relatively insoluble in vater, at 10° C this 
IS 0 07 per eent , and at body temperature 26 per cent of mustard in such a solution is hydrolysed 
in three minutes Tlus reaction is not accelerated by alkalis It is, however, doubtful if hydrolysis 
in the conjimctival sac plays much part in reducing the severity of the lesion Mustard is more 
readdy absorbed by the cornea than by the skin Except for its peculiar and specific intracellular 
reaction it is not an active substance clicraically 


Mustaid vapour in as Ioav a concentiation as 1 10,000,000 m air produces 
oculai symptoms and signs after a delay varymg from two to forty-eight 
hours , 111 the majority of cases these occur six to eight hours after exposure, 
but with the more concentrated vapour the effect is immechate 

The interaction of mustard with the secretions of the eye causes an 
alteration ivhich leaves the mustard mactive as such fifteen minutes after 
it has entered the conjunctival sac The mstillation of such secretions 
mto the eye of an experimental animal is without effect After the imtial 
reaction an oxidation process probablj'" occurs 

Symptoms and signs — The severity of the ocular mjury depends on the 
concentration and the length of time of exposure to the gas The action of 
mustard may be cumulative, and with the modern methods of liberation the 
proportion of severe cases will probably be increased The ocular mjury 
caused bj'’ mustard is slowly progressive, and in more severe burns there is 
a marked delay m heahng analogous to an X-ray burn 

Ocular injury from mustard vapour — 1 Cornea not visibly ajfected — 
There is a sense of grittiness under the hds and pain in and around the eyes 
Photophobia, blepharospasm and lachrymation follow In the shght or 
moderately severe cases the bulbar conjunctival vessels m the interpalpebral 
zone are congested and the conjunctiva swollen 

Functional photophobia may persist after all mflammatory signs have 
disappeared, and an anxiety state and fear of bhndness ma}’’ delay con- 
valescence In the 1914-18 war about 76 per cent of the mild cases returned 
to duty in one to four weeks, and in 15 per cent of moderately severe cases 
m which there was no corneal damage there was a recovery in foui to six 
weeks (Figs 807 to 810) 

2 Cornea appreciably damaged — In these cases photophobia, blepharo- 
spasm and lachrymation are severe The interpalpebral zone of the bulbar 
conjunctiva is white from a coagulated exudate, the pressure of which 
obhterates the capillaries Above and below this chemotic conjunctiva 
bulges forward from the formces The hds become swollen, red and adherent 
with sticky discharge and crusts Across the cornea there is a wide band-like 
opacity contmuous with the whitened interpalpebral bulbar conjunctiva 
The cornea is stippled (“ orange skm ”), the corneal reflex is irregular, 
the corneal epithehum oedematous and roughened , later it becomes ex- 
fohated and there is dimuushed corneal sensation which persists for weeks 
The pupil IS constricted as a result of irritation 

Secondary infection from pyogenic micro oi^anisms, comeal ulceration, hypopyon and pan 
ophthalmitis arc complications which may follow' ivithm four or fiie days of the mjury, and have 
to be guarded against as far as possible Chest complications may reduce the reparatiie process 
A neurasthenic state sometimes complicates the coni alesccnce 

Ocular injury from mustard oil drops — The effect of a mmute diop 
of mustard splashed mto an eye is an intensification of the above symptoms 
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xo\ perfohatixo injubieb of the eyeball 

The 0<nn*n llr*t-«ld tre*tinrOt cwiikU bi lrEta»tfc«i »lth •itTir»(<?d boric *dd, the ipp^tkn of 
•odJtna Wr»rbon*te ointment uyd the B<ie of pfloeaipfaw <irop* and pitnlury extract Satorated 
boric arid b more Irritating than aodhim Wearbenate 

Routdte TREATiiEXT^ — At presOTit there seems to I>e no more satisfactorv 
lotion for irrigating the eves and removing desquamated cells and discharges 
than sodium bicarbonate 2 per 
cent jiHS-O Down Bros ha\'o 
made n selfretammg imgatuig 
speculum (Fig 812) trhichallows 
the intorpalpebral aperture to 
bo opened to about one tlurd of 
its normal extent and streams 
of lukewarm lotion to be 
directed mto the upper and 
lower formcea Atropine or 
hAXrtcine are necessarv when 
the cornea is involved 

Cod liver oil drops wrth or 
without vitamin A are of value 
m assisting comeal regeneration and checking keratitis These drops require 
no sterilization 



Self irtnlnlng Iirisitin^ fpecnlnni- 


TbulTME^t fT •ccoiUiBi rmcTiux — Tlr ialrro-on;BJDluni of »*«pc«UrT loffrtfcn are eridrat 
b» Kimc nwi bftrwn the fifth Bod rigbth d*y». UTfa^cm and W bIWt irrommoid the tjw of 
Berthlolate 1 ICMXVl vHh • dlffodDi; betor am foond that the optinua p enod of raise via fire 
toKrradayi If Brrthkibte dropa «ere oaed efler Ihh, orolar nneetloB reeuiied. 

Wartbin WelW eUIfli that dkhknmlae T O-J per cent, in rfakrroMa* (chlorinated laed rfn i l 
paniBa) b of rmioa in aith aecoodary tairctloo p>ofc£lc orpaidma. Soefa a aolaUon b 

cmlT Btahia for three da)a tod abaaU not be oa^ if there b a pnriprute The French cp a ur ge o cn 
faTDor tDcihrtcae Uw 0 J per cent and acerirt red 3 per cent, to deal rilh norv-apedfic hJextloo^ 

Treathett of late coiIPLICAno^<= — Some rears aRer mustard gas 
mjurv with corneal damage the moidenco of recurrent comeal lUceration 
mat be reduced, the patient rendered more comfortable and his cornea 
protected by the use of contact glaases filled wrth ol parolein and apphed 
to the 6^■e8 Those glas^ also correct ant irregular astigmatism and therebv 
improve the vision appreciahlv 

*««*•*«• 

It b pmbahie that If moaUrd h used In the prearat «ar a niunhcr of oev thcrapeiiHc ageati 
riD be tried oot. The tne of tarwcriiMhr at am appropriate rta^ mar prene to be of rahie In 
premiting oc rednehig the fairidcnee of late attacka of rcc miro t corneal ercrion. fetdphrmamhlc 
dropa oo to the cottm and conjvoctira, and exetaioD of deritahzed conirmctlxa and epf^ricra dam 
to the aebr* and op to the hmbci rilh boreal nrafora mcmbraac arafl rejjaeen»cnt mon anb 
trial cn homan patiratj before anv dcflnhe optofan ran be plren abcot tbrir raloe 


C05TUSI058 AMD OOnOUSDOHS 

Tlie eve lesions caused b\ missiles which do not perforate its tunlcH varv 
from a minute corneal abrasion or impaction of a small foreign hodv to rupture 
of the sclera or cornea and considerable disorganization of the globe 


FOREiair BODIES 

The impaction of foreign bodies composed of sand oartb steel copper 
and non fragments glass and stone often affects both eves and the foreign 
bodies are multiple Those wliich are accessible are removed as earl\ as 
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WOUNDS OF THE EYE AND OKBIT 


Within a few seconds of tlie accident Loss of corneal epithehum and 
spreading keratitis occui Symblepliaion, secondaiy infection with pyogenic 
micro-oiganisms, hypopyon and panophthalmitis are complications 

The lesidual signs of mustard gas injury to an eve are dilated, tortuous, 
varicose, dark-coloured conjunctival vessels m the inteipalpebral zone 
3 or 4 mm adjacent to the limbus These vessels show calibre irregularity 
and aie embedded m a giejnsh-white matrix of scar tissue The appearance 
IS “ maible ” like It is piobable that some impaiiment of blood supply at 
this site affects the cornea, the sensation of which is impaired m some 

cases Grejush opacities are piesent in the cornea and 
these cause megular astigmatism and reduction in 
visual acuity’^ when near the centie Eecurrent corneal 
ulceiation occui s m some of these cases 

Treatment — ^First-aid treatment — Although early 
local eye tieatment of the injured men m the field 
maj’ be of little avail in saving comeal tissue already 
badlj' damaged, an attempt to do a simple imgation, 
to instil pantocam (local anaesthetic drops which do not 
damage the corneal epithehum nor delay its regenera- 
tion, as does cocaine) and cod-hver oil drops mto the 
ej’es and to provide clean tinted eye -shields may help 
to pi event panic among the casualties whose swollen 
and adherent eyelids often lead them to imagine that 
thej'’ are blinded The sight of mjured men without 
attention and obviously distressed has a demorahzing 
effect on the troops moving forv^ard The above 
treatment may be given by means of an improvised 
Fig 811 field irrigator 



Two gallon petrol tin— An impt ovisecl tmgatoi (Fig 811) — ^An irrigator IS 

mprovi^d container in improvised bj”^ taking an empty 2-gal petrol tm, boring 

the field for anti-gas eye r- ^ i. i \ U , 02 ° I 

lotion Four perforated fo^ hoies in its bottom, each sufficient m size to admit 

disehargcd bullet casmgs the base of a discharged bullet case, the cap of which 
to'^Tnd TnnelZ hj perforated The bases of these four bullet 

rubber tubing to imgator cases are soldered into the tin, making water-tignt 
nozzles Tm mounted on junctions The whole tin IS cleaned and sterilized 
a standa^^m^i^d into projectmg extremities of the buUet cases 44 ft 

of rubber tubmg is attached, and mto the free ends 
of these are inserted metal irngator nozzles, each with a lever switch control 
to cause or stop the flow of lotion The tm is suspended from a 6-ft 
wooden stake driven mto the ground, and each of the four irrigator tubes 


is operated by a tramed orderly A suitable quantity of sodium bicarbonate 
IS earned by the unit, and with boiled water it is made up mto a 2 per cent 
solution Allowing three mmutes for the treatment of both eyes (one and 
a half mmutes for each eye), one team of orderhes with one irrigator could 
treat eighty men m an hour In heavily contammated cases the personnel 
carrjung out the treatment will have to work m anti-gas clothmg and 
respirators and the wounded pass through a decontamination and cleansing 
centre In the advanced areas badly injured men maj’^ be led m files, 


connected by ropes or sticks, bv a sighted guide from the field ambulance 
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N0> PERF0RATI>0 JURIES OF THE EYEBALL 

In recent cases where the vitreous and intra<>culnr gtruotures are not 
grossly diseased, and where retuial tears and hole* are seen and earefuUj 
locflliied, there is a reasonable prospect of replacing the retina by operation 
The sclera over the site of n hole is exposed and surface diathormv is apphod 
by means of a 3 mm diameter electrode to the solera at contiguous points 
around the site of the hole 70 to 100 miUiamps for seven seconds Thia 
procedure induces areas of aseptic choroldo retinitis The edora and 
choroid are then punctured several times b} a diathermj needle 40 miUiomps 
for three seconds, and the mtor-rotinal fluid between the retinal pigment 
epitheHnm and the ]a3’er of rods and cones is sucked out through these 
perforations For three weeks the patient s head is placed immobile in 
bed in such a position that gravity mA> faoiLtate the dramage of the inter 
retinal flmd and the vitreons may prese the retina against the choroid firm 
adhesions forming between thoao two membranes and the retmal tear 
becoming sealed no longer permits fluid to seep through it 

For full details of treatment and prognosis the monographs and hterature 
should be consulted 


OPTIO SERVE 

Avulsion of the Optic nerve may be caused hi large missiles spent shrapnel 
fragments of ahoU and several bullets entering the orbit 

The ooncusBion changes In the eye may indicate exactly the track of a 
missile and thns assist the general surgeon when there is some associated 
head injury In fractures involving the optic foramen and conaj bone 
fitigments ms} lacerate or compieteh sever the optic nerve 

SOLERA 

Slissilee traversing the orbit without stnking the mai produce scleral 
ruptures on the opposite aide to the point of impact For instance a missile 
on the temporal side caused a large equatorial rupture on the naeal side and 
another traversing the back of the orbit led to a corneal rupture which 
extended mto the anterior part of the sclera 

The oommon site of scleral rupture when the ei e is struck from the front 
by a blunt object is in the upper nasal quadrant about 3 mm behind and 
coDcentrio with the limbus fricreased depth of the anterior chamber and 
lowered mtra-ocular pressure are associated signs of rupture of the globe 
Dislocation and even extrusion of the Jens prolapse of vitreous and the 
uveal tract and Intra-ocuIar hamiaiThage are complications m some cases 
In many cases it is worth while attempting some conservative surgerv by 
turning back an adjacent conjunctival flap placing atraumatio evelees 
sutures m the edgoe of the scleral wound performing wound toUet with 
abscission or replacement of any prolapsed mtra-ocuiar structure closing 
the wound by tying the scleral sutures and covering it with the conjunctii^ 
flap 

UfTRA-OaULAB HiEMORBHAGE 

Following contusion or concussion of the e\-e hiemorthage may take 
place mto the ontenor chamber the vitreous rohna choroid, beneath the 
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WOTJNDS OF THE EYE AND ORBIT 


FolloAving the passage of a missile tlmough the oibit there occur on the 
side of the impact, or on the opposite side of the fundus, or at the macula, 
large areas of daik-red hcemorrhage and ghstemng white aieas At the 
macula and in the posteiior half of the fundus these areas become organized 
into shghtty laised white plaques of fibrous tissue uniting the retma and 
choroid, and having a ragged edge fringed with pigment At the affected 
site there is a scotoma Retinal detacliment and progressive loss of vision 
do not occui The case is different with retinitis proliferans, in which disorder 
organization of vitreous and retinal hfemonhage, and the formation of 


h 



Fio 8U 

Retinal detacliment Left eye aa arc sutures retracting the posterior edge 
of the conjunctival incision , 6 is a traction suture drainng the globe upwards 
and inw ards , c is a dotted hne on the sclera indicating the site of a largo 
crescentic tear at the ora serrata in the 4 30 o’clock mendian The insertions 
of the external and inferior recti muscles are exposed , d is the barrage of 
surgical diathermy, surface and pcrforatmg, applied to the sclera 


fibrillar connective tissue adherent to the optic disc and letina, and the 
proliferation of Muller’s fibres ultimately contract and cause retmal 
detachment 

The treatment of the fundus lesions consists m rest m bed, atropine, 
dark glasses and such time-honoured therapeutic procedures as hot vapour 
baths, potassium iodide and mercury inunctions, apphed with the object 
of aiding absorption of the haemorrhages and exudates 

Retmal detachment maj’- be caused by a concussion injury, mter-retmal 
haemorrhage between the retinal pigment epithehum and the layer of rods 
and cones, as a sequel to vitreous loss and hypotony, associated with cicatricial 
contraction after a perforating scleral wound and as a result of shrinkage of 
the vitreous body (Fig 814) 
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NOV PERPOBATING IVJFRIEB OF THE ETEBALL 

In rocont cawes whero the ntroous and intro-ocular structures are not 
groaslr diseased, and where retinal tears and boles are seen and carefuUr 
localized there is a reasonable prospect of roplacing the retina by oi»ration 
The sclera over the site of a hole is exposed and surface diathermj is applied 
bv means of a S-nun diameter elective to the sclera at conbguoa'i points 
around the site of the hole 70 to 100 nulhamps for seven seconds This 
procedure induces areas of oaeptio cboroido rohnitis The sclera and 
choroid are then punctured several times by a diathermy needle JO mllhamps 
for three seconds, and the inter retinal fluid between the retinal pigment 
cpithehnm and the layer of rods and cones is sucked out through these 
perforations For three weeks the patients head is placed immobile in 
bed in such a p^wi^lon that gravitv mai facilitate the dramage of the inter 
retinal fluid and the vitreous ma3 press the retina against the choroid firm 
adhesions forming between these two membranes and the retinal tear 
becoming seeled no longer permits fluid to seep through it 

For fon details of treatment and prognosis the monographs and literature 
should be consulted 


OPnO REEVE 

Avulsion ofthe optic nerve mar bo caused large missiles spent shrapnel 
fragments of shell and several ballets entering the orbit 

The concussion changes m the ej-e may indicate exactly the track of & 
missile and thus assist the general soigoon when there is some associated 
hoed injury In fractures involving the optic foramen and canal, bone 
fragments mar lacerate or completelj eever the optic oerre 

BfTT.kttA 

Jlissiles traversing the orbit without stniang the eve mat produce scleral 
ruptures on the opposite side to the point of impact For instance a missile 
on the temporal aide caused a large equatonol rupture on the nasal aide and 
another traversuig the back of the orbit led to a corneal rupture which 
extended mto the antenor part of the sclera 

The common site of scleral rupture when the eye is struck from the front 
bj a blunt object is in the upper nasal quadrant about 3 mm behind and 
concerntrio with the hmbus Lacreased depth of the anterior chamber and 
lowered intra-ocular pressure are oasociat^ signs of rupture of the globe 
Dlsbcation and even extrusion of the lens prolapse of yitreous and the 
uveal tract and intra-ocular hajmorrhage are comphcations m some cases 
In man^ cases it is worth while attempting some conservative surgen, by 
turning back an adjacent conjunctival flap placing atraumatic e\-ek!«s 
sutures m the edges of tho scleral wound, performing wound toOet with 
absdffllon or replacement of any prolapsed mtra-ocular structure closing 
the wound bj tying the scleral sutures and covering it with the conjunctival 


IHTBA-OaUL&E HfMOBHHAGE 

FoUowing contusion or concussion of the eve htemonhage mav take 
place into the antenor chamber tho ntieoas retina choroid beneath the 



S44 


WOTJXDS OF THE EYE AIsD ORBIT 


hyaloid membrane, between the layer of rods and cones and the retmal 
pigment epithehum and m the supra choroidal lymph space 

If a hyphaema is total, or nearly so, and is causmg secondary’’ glaucoma 
and blood-staimng of the cornea, it should be evacuated b}’^ paracentesis 
and wash-out of the anterior chamber Generally the blood enters the 
anterior iris crj^its and is absorbed by the stroma 

A vitreous haemorrhage is treated by rest and absorptive measures 
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CHAPTER LXXIV 

pebfoeating woxtnds of the eyeball 

P ERFORATENG Trounda of the oyoball whether accompanied or not 
b^ the retention of a foreign body ore fraught with danger not onlv 
bv the mechanical injory produced but al^o by the infection that 
ia eo often introdnced The diagnoais of a perforation mav be qmte 
easy but there are eases which need dose examination to reveal the perfora 
tion and it must be borne in mmd that a perforatmg wound either by a 
sharp instroment or a gmali flying fragment may not ahow itaelf upon the 
surface of the globe at all, oa it la possible to pierce the coats of the eye 
through the lower hd behmd the conjunctival fornix and imJess a careful 
routine oxammation is earned oat In every case the fact that tJie sclera has 
been perforated may be overlooked. 

Hlrtory of the case will usoaUv give a do© to the character of the per 
fnmhng object but the observer must be careful not to be misled by the 
opmion of the patient as to what has hit the eye as Tre shall see subsequently 
when dealing ^th foreign bodies retained within the globe 

Eouttne examhuUou — 1 The evellds and ere should be carefuDv 
examined for a wound If in the cornea there mav be immediately behind 
It a hole In the ins and subsequent investigation will probably disdos© a 
wound of the lens If the wound be scleral it mar be covered br a sub 
conjuncUral haimorrhage A wound of a coajunchx-al vessel will cause a 
bright red extravasation of blood beneath the conjunctiva so often seen 
apart from injury to the eve b\ a sharp instrument If episderaJ branches 
of anterior cihary vessels are injured, the colour of the heemorrhago is much 
deeper and is obscured bv episderal tisau© If therefore the eve has 
received an mjoiy sucii os produces a wound of episderal vessels the 
observer should bear in mind the possibihtv that this homorrhage hides a 
woxmd of the sclera 

2 Loes of rntra-ocular contents will cause a fell of mtra-ocuiar pressure 
With a wound of appreciable size at anv rate in the eeriv hours after the 
mjuiy this will be obvious when the eve is gently palpated A small per 
foration by a flying fragment niaj not be enough to cause appreciable loss 
of tensioQ and m coses m which a scleral wound is obscured by a 
subconjunctival hremorrhage this sign may be of httio value If there has 
l^n considerable loss of ntreous b^des a great fell of rntra-ocular pressure 
the anterior chamber will have an abnormal depth 

3 Proltpse of uveal tissue and the defonnltv produced m the ins as a 
conseqwnce is a sure sign that the globe has been perforated. 

wounds of the sclera not nocessanjy extensive a prolapee of 
'ntreous is commonh seen and jt mav bo recogmred bv its viscid character 
93 eio 
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When the wound is a feY days old tlie prolapse becomes grey and string} , 
and the observer should not mistake it for a loose shred of conjunctiva A 
gross loss of vitreous causes a marked increase m the depth of the antenor 
chamber 

5 Loss of aqueous humour besides causmg a reduction m the tension 
of the eye, leads to shallowness of the antenor chamber or even to its 
complete obhteration If some hours have passed smce the injury, however, 
the antenor chamber may have re-formed, and this is often seen when there 
has been a very small perforation 

6 Reduction of visual acmty Ever}’^ exanunation of an mjured eye 
should mclude a note of the visual acuity, winch should be compared with 
that of the unmjured eye Sir Wilham Bowman laid it dovm that m every 
case of mjury to the eye however apparently tnflmg the vision should 
always be recorded 

7 The pupd should be fully dilated, the mstdlation of atropme bemg 

supplemented by a subconjunctival mjection of 3 minims of a solution of 
adxenahn hydrochlonde (1 1 000) at the limbus, and the media and fundus 

examined with an ophthalmoscope 

8 When the pupd has been fully ddated the eye should be carefully 
examined with a sht-lamp In case of mjury to the eye the sht-lamp is 
particularly useful it will reveal at once whether a wound of the cornea has 
completely perforated its substance whether a foreign body m the cornea is 
projectmg into the anterior chamber or whether there is a hole in the ms , 
it will distmguish a traumatic opacity of the lens from one that was present 
before the mjury and if there has been a prolapse of vitreous, however small, 
it will show the framework of the vitreous drawn towards the perforation 

9 FmaUy, m any case of doubt an X-rav photograph should be made , 
a stereoscopic X-ray exanunation is the only one of value m most cases 
this will also allow a localization of a foreign body to be made and settle 
any doubt as to whether a foreign body is witlim the globe or not 

A PERFORATING WOUNDS WITHOUT THE INCLUSION OF A 

FOREIGN BODY 

1. When there is no prolapse of ocular contents — CoxjTTYcrn’AL ivouxns 
— ^AU perforating wounds of the conjunctiva should be repaired with fine 
silk If this be neglected the episcleral tissue becomes infected, and there 
will be extruded through the gap m the conjunctiva a button of granulation 
tissue which will need removal followed by suture of the conjunctiva at a 
later date 

CouxEAL wouxns — uound short of perforation of the cornea heals 
readily provided it is not infected. If there is a flap of corneal tissue which 
has not been completely detached, it should be carefully replaced after the 
eye has been cleaned with a normal solution of sodium chloride Atropine 
should be put into the conjunctival sac and the eye bandaged If signs of 
infection appear the case then becomes one of comeal ulcer m its treatment 
Signs of infection will be mcreased mjection of the eye greyness and 
infiltration of the comeal wound and the surrounding area hazmess of the 
aqueous humour with possiblv liypopyon and aU the signs of an acute mtis 
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i e dnllnesa alteration m colour and loae of pattern of tLe ins ^VLen the 
infection la severe the corneal wound will need mflltrating with pure carboho 
oad with a corneal gouge the infiltration being carefully controlled by 
mopping up anv excess with amoU angular pieces of blotting paper The 
eye will need frequent irrigation with a solution of oiyoyamde of mercury 
(1 10 000) wrth equal parts of warm water and the use of liquor atropinro 
sulphate (1 per cent ) or unguentum atropinio (1 per cent ) every four hours 
It will need judgment as to whether a pad and bandage should be used and 
if there is profuse discharge these should be abandoned The patient should 
be kept in bed. 

Hot tafldl*— H«t, u In oU»r pairti of the bodr !• osr of the mo«t tnefnl form* of trprtmeirt of 
ua influnnulory dime of tlw ejt bat in the cue of the eje tbe method of apphntko he* to 
be specdallj adApted. Heet cennot be applied In the form of a fomentatioo, a* the pad 1* ao iinaJl 
♦ ha t it loae* ment of Ita beat before H can be appUed. and ao a method called hot bathing baj been 
introdoced. So aa to carrr oot tbH manmne, tbeie are needed a auuice of botUng water a in a JT 

aoeh a* a podding bailn, two amall aoi^n cooking (poem*, a pad of Gamgee tlaroe and a 
abort piece of banSag e The pad of Oaatgee Uaaoe la tkd to the conrex aorface of coe of the epoorn 
and tn* baaia k then half-flikd with boding water Tbe apocm whb the Oamgee tlaaoe (a then 
dipped into the ha«*" and wnmg emtfl aa dry a« powfbfe by pimiiie of the coocare tnifiLoe of tbe 
otner ipooD and theeu a* aooo a* It can be borne the Gamgn tbane b applied to the doacd bda 
of the affected eye Aa toon aa tbe tc nip ci aUu e baa fallen tl» pro ce aa H repeated and carried oot 
for ten minotea erery foor hoon. Care moat be taken not to acald tbe cyeQ^ When hot bathing 
baa been eendoded. tba eanJozMthal tae b irrigated with a lotko of aboot lOO* F and then atropine 
tmtillcd. Unieia coetraimUcatecU * warm pad of Oamgee tbane b bandaged Ugbtly to tbe e^ 
Tbb matbod of hot bathing can be WLrried oot by tbe petiraU If It be occuidBred adrbabb for 
the nnm to petfbrm tbe treatment, ahe can pevrent makhtf her flngm tender by oelag a mbber 
ri o^a and th^ aqacetlng a pad of Qantgce aa drr aa poeaiwe lay it gratJy opoD the doeed bda. 
WbQe tbb pad kcooQng a aceond pad tnmsnedtntLibQuiiis water oante prepared. ItbaooMtbaMi 
naafnl to iae o rp o rate wrtb tbe QamM tbaoe applied to tw eye m a pad. aa •leetde beater that 
may be a am in tbe Interrab of hot bathing Tnete are two form* tn bm erne l utrudue ed 

by^ddoz, ermabta of a eoQ of German anrer wire woimd r ou nd a pad aabeeUa and cor eml with 
flajonel wbl^ eoatroHed by a reabtaooe, can be tneorporated with the Oamm ♦i-«ft pad j In tbe 
other the beating meebankm k eoDtabted in a metal ceotahier placed opoo ine eje-pad and w otJe ed 
direet from tb* eVeetrie ctnrent. 

If the vound has compieiely perforated the cornea not only may we have 
to deal with infection of tbe comes but also with infection earned into tbe 
eye An examination with the slit-lamp will immediately disclose how deep 
the comeal wound is If the infection be not very virulent the outlook 
is good always provided that the lens or vitreous is not mjured. Tbe 
treatment of a simple perforation of the cornea is that of a non perforating 
wound. 

There is evidence to indicate that, as m infection elsewhere the use of 
suJphanllaimde or M & B 693 exerts a beneflclAl effect on tbe course of 
the i nfl a mm ation in infected wounds of tbe eye This applies both to 
intra-ocular mfeotions and to non penetrating wounds 

The Bulpha n i l a nu de may be given Interoallv m tablets and also applied 
locally aa drops or omtment 

ScLBHAL wouTTDS — If thore IS a scleral wound without prolapse of uvea 
or vitreous tbe bole in the sclera must be covered by drawing the edges of 
the perforated conjunctiva together This wiH be described when dealing 
wite perforating wounds complicated by prolapse of ocular contents It is 
to be emphasized that no attempt should bo made to stitch the edges of the 
sokra itself 

2 Whiin IhOT 1 j proUpM ol nve,l If a peribratmg wound i» 
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complicated hy the prolapse of uveal tissue, the mjur}’' becomes much more 
grave and surgical interference urgently necessary'- The aim m the treat- 
ment and management of such cases is to leave the eye with merely a 
peifoiatmg v^ound, and no uveal or othei tissue withm its hps It is rarefy 
possible to lepose prolapsed uvea, and it is usually unwise, because the 
piolapse has become infected and its return to the eye dangerous If 
prolapsed uvea is left incarcerated in the perforating wound, one or other 
of the following conditions will result — 

(or) There will be dela}’’ in the heahng of the wound and prolonged 
inflammation and irritabihty of the eye 

(b) The wound -mU never properfy'^ consohdate, but a weak, so-caUed 
cystoid scar vnll result which may stretch before the mtra-ocular pressure 

(c) The pupil may be displaced, leading to unsightliness and to defective 
vision not onlv because of the lateral position of the pupil but also in 
consequence of the u regular astigmatism caused by the altered curvature 
of the cornea Thus a bulging peripheral scar of the cornea voLl cause 
flattemng of the cornea m this meridian Even where prolapsed uvea has 
been removed it is usual to have some irregular refraction produced in the 
cornea ]ust as is seen constanth’’ following extraction of cataract, which, 
after all, involves a peiforating wound in which prolapsed uvea has been 
avoided 

(d) Iridocj'-clitis Some inflammation of the ins and cihary body is 
expected m all injuries of the eye, be they produced by blimt or sharp 
objects, but when uveal tissue is mcorporated m a perforating woimd this 
will take much longer to subside and is a menace to subsequent usefulness 
of the eye 

(e) Sjnupathetic iridocj^chtis Not only may serious iridocychtis occur 
m the mjured e3''e but mflammation may, m some maimer, be set up m the 
othei eye This is the greatest catastrophe m ophthalmology, because it 
leads not only to bhndness m the mjured eye but, as the prognosis is so 
bad, to probable bhndness m the other It is because of the possibihty 
of the outbreak of sympathetic iridocychtis that the skilful treatment of 
perforating injuries is of such great importance Great judgment is needed 
in deciding how long one mav retam an injured eye noth safety, since the 
treatment of sympathetic iridocychtis once it has become estabhshed, is 
almost universally unsatisfactorj’’, and the only method that is safe and 
satisfactory is preventative, namely, removing the injiued eye before 
iridocychtis has become established in the other 


TREATMENT 

It vnll be convement to divide cases of perforating injuries comphcated 
by prolapsed uvea into three groups — 

1 Cases in which the wound is purely corneal 

2 Cases m which the wound is at the corneo-scleral margin 

3 Cases in which the womid of the cornea extends beyond the hmbus 

into the sclera 

1 Cases m which the wound is purely corneal. 
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AMthtdA-lt preriouUv nw^mry to aO «»« a rwral M mlEcientljr 

deep anjp*tb«U of the ere copkf not be pcoJoced by the iwe of cocatoe drop*, and the operator 
needed to bo reir deUberafo CFperatmfr H he frwd that be au atOTt to ^ro ^ patfcnt 

min be mlabt not be ao tboroogb a* be ahould bo and ao fall In hti attempt to free perforating nTDimda 

fTTOincaJeeratedavea, Itk poariWe to prodwe perfeet aiMWtbeaia of the rlobe by meana of a 

bolbar int^cai of jxrroeain. and It b tmtaUv »l»e alao to parah* tbe crWcularii moaelr e*pet^3 
Then dealing »fth an appcebenaiTe and nerrooi patient. Withcbiliiren,and when a eeoeTmlaneathetic 
b Judged neeeaaaiy an intrareooaa Injection of eelpan or aimilar dmg b particnlarir anitaWe 

Tbi O Bara itiTnoc or sLocxiya the T*ctt.L xEnrc dc rnovr or thi thaoc^ — T an embio 
eenttraetre# of a • per cent aolution of iwvocatn air Infect by meana of a needle U in k«g, 
Tbe pcfnt of injection b Jtrrt anterior to tba tiagaa of the ear below the pcrtterfor portion of tbe 
tycomitie prcpceat. Ocing atraigbt inward attb a abarp needle one atrites tbe bony eoodjdold 
proceaa at a depth of about I em. As aooo an the bone % frit with tbe needle bepm Injecting the 
no\oealDaohrtiofi. and gradoallT withdrawing Inject aboot 2 Signj of partly^ of tbe ortrlcnlari* 
nurtcJe tboold appear In fire minute*. 

RETaorrUiLH igJimoT — For thb there b needed a • c c. hypodermlo arringe a fine needle 
3 icm.kaig'wltinaahQTt catting point and a 2 per cent, aohitlcai of norecairu Sons* prefer a mlitme 
of a 1 per cent *ohitl3i of norocain and a 2 pee cent, aolution of pcrcaino in equal amount*. Tbe 
adiantage cf percaloo b that h prelonga tbe anMtbeda for twenty four hour*. A frewhjy prepared 
■olutkin mnst be employed, became an old aolotioa of peirwine ictet It* cffideDcy It i* prepared 
thn* 1 To 30 cm. ol a aolntim of noroealn (• pet cent.) add 1 egm. of pereaine in tablet form, 
Ararttbeaia b complete in fifteen to twenty mluntra 

Tbe needle b e nt ered at tbe *he of tbe infero-external angle of tbe orbit, a little below tbe tendon 
of tiw arbknkTia. The necdl* tboold be directed backward* and abghtJr Bpwanl*. In tbe direction of 
the cQtaiy gangllm (Fig 616) It penePwtea at fint wHberat reabtance 
then a (bgbt J^p iodide* that pofnt of the needle has pie reed tb* 
capmle of Tenon beUod tbo eye Before injecting tbe fluid, withdraw 
tbe phmgee a little to make certain that a blood reawl baa not been 
pfrreed. Tbe Injecticn may tben be mad* and. after tUa. fljm pt k wb 
n made to compreac tbe orbit for a few wend*. In caae of an Weeted 
werond of the globe pn w um eboold ovnally be aredded. 

Tbe rwh of tbe Injection I* to eam« paralyab of ukoat of tho extra* 
ocular mimcWa. Often the tup e ilu i Tectea 
earapea, aikd it la an adrantage to inject 5 
in farm* of the aolntln Into tb* ooaele ItaeK, 
eapecUOy when it b decided to oae a wperlor 
re^us cettore 'Qd* injectioa alao makes H 
poaaihle to carry oat any ordinary rurglcaJ 
TtO 816 p roce dnr e co the eye wltboat pain 

TTu,,^._.ii »v f*u For ao etndoTs of the eye a more extendre 

Inflllrwtion with norocain I neceesary Fuwt 
of a 4 5 cm. needle b oaed, eeeofuDy three injcctioo*. 

each of 1 oo. are uwd one b Injected after In 
local an**wtbetS^^f^ lertfaig tbe needle tbitnigh It* wboto length beloW 
th#i olot.. fV- tendon of th* orbloularta. aaotber timmgh Eibowa tbe lite cf Injeo- 

beiow ttws , ,1 j —L ^ Innerpart of tbe palpebral tlon of norocain with 

relnJ _ iif*, of the opper Ud and * third thiaugh the middle of a 4 6 cm. needle fiw an 

sS or .h. 

nalBees<;i»iWTlhi.™?nH^ A jacmedleattan ccoabtmg cf a »ob<mtan*oM eve rreUmlnarT to enu 
r of hrowiDe hrdzochlotid. dmSnrftS globe 
and i gr of marphlne •nlpbate two or three 
bouE* before operatfcn b In raitable caae* of 

great ctnrenlence Alteroatlrely • gr of hnntnal may be airen In I jr dose* three hour* and 
one hour before operatkai. 




Tb«e caaee are umially the earnest to treat and alao the moat eatisfactorr 
especially triien unoomplioated by a tround of the lena or the retention of 
a foreign body In the absence of mfeotion they have a very good prognoeis 
the case comes xmder observation soon after the aocident If 
there ia any difficulty in keeping the mjiirod part of the comen in tbe middle 
of the area exposed by the speorilum a stitch through the snpenor rectus 
muscle la convenient and give* perfect control of the eye as traction upon 
the suture doe* not cause tbo wound to gape os it does with the pressure 
produced by fixation forceps 
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The piolapsed knuckle of nis is seized with toothed iris forceps and held 
in the light hand (if the operator be right-handed, but with the left hand if 
he be left-handed) and the iris pulled gently in all directions from side to 
side, towards and aivay from the cihary attachment The result of these 
manoeuvres is watched, and when the iris is perfectly freed, and whilst 
gentle traction is manitained by the iris forceps, the whole prolapse is seized 
111 the plane of the anterior surface of the cornea with Coupei’s capsule 
forceps The ins foiceps are put on one side and, whilst gentle traction is 
exerted by the capsule forceps, the prolapsed ms is removed by cuttmg 
through it with de Wecker’s scissors, gently pressing them upon the surface 
of the cornea whilst cutting (Pig 817 ) The uPole prolapse must be removed 

by one snip of the scissors, as hsemorrhage is 
likely to follow which will fill the antenor chamber 
and obscure its contents , this makes dangerous 
any further attempt at freemg the ms owmg to 
the unprotected condition of the lens capsule If 
the operation has been successful the cut margins 
Fig 817 of the iris shde back into the eye, leaving a 



The use of CoujKjr’s capsule 
forceps and de Wecker’s scissors 
m the removal of prolapsed ins 
through a comeal wound On 
tlio right hand side is the small 
corneal mcision, recommended 
for the mtroduction of an ins 
repositor 

Woimds of the cornea 


coloboma with the piUars free 

What has been done, m efiect, is this iris 
tissue not pieviously prolapsed has been with- 
drawn from the eye, and whilst the ms has been 
put on the stretch, a cut has been made with the 
scissors into the healthy ms tissue withdrawn 
from the eye by the operator 
are not always produced by a sharp mstrument 


entermg the eye radially , they are often caused by one entermg the eye 
tangentially like a keratome incision, and they may be not only valve-hke 
but irregular and jagged In such cases the freemg of the ms from the 


wound IS much more difficult In the case of a valvular wound it is not 


difficult to free the ms that has followed the path of withdrawal of the 
perforatmg instrument, as a repositor can be mtroduced mto the eye m the 
same plane and direction m which the perforatmg object entered the eye, 
but the repositor cannot be made to engage that portion of the ms that 
hes under the lower hp of the wound, and consequently that pdlar of the 
coloboma may be left engaged m or adlierent to the wound m the cornea 
The difficulty may be overcome m the folio wmg manner Before attemptmg 
to free the prolapsed ms, and while there is stdl an antenor chamber, an 
incision 3 mm long is made m the cornea, 3 mm withm the hmbus and 
unmediately opposite the prolapse, to which the pomt of the broad needle 
IS directed When tins has been done the prolapsed ms should be dealt 
with m the manner desenbed, and after that an ms repositor may be mtro- 
duced mto the eye through the comeal mcision and any ms stdl engaged 
in the ongmal wound reposed from withm the eye If a magnetic foreign 
body has been removed from the eye before deahng with the prolapsed ms, 
the mcision through which the foreign body was removed may be used for 


msertmg the ms repositor 


It may happen that a given case of prolapsed ms may not roach the surgeon for several days after 
the accident Depending upon the interval between the receipt of the injuiy and the day on which 
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ti» CM* wcw foe twtmret difflwltk* met »Wi when m attempt k made to remore the 

trobne It b not poeafbie to aar at vbat date after the receipt of an Inlary that remoral of a 
p^w. becOToea fanpoadhk each eaae moat be «maWicTed ieparmtetT bat caret can araUr be 
tr^tednp to tan daya, and Ineieeptlanal drcomatancea a petjUpae of fru mar be aweraafuDr remoTed 
fb^ten dart after the perfoiatictm . . , ^ , , , , . . 

If moea than a day baa paa*^ aijice the bijrar the proUpaed Irk atD be ccreml aith lymph 
and tbs Ulrt of the aoond aoft friable and mer »fth tnflltratiDn. A atream of wm taline 
lotion thcrtild be directed to tl» proUtPed hk by ineana o! an antetior chamber brigator 
and any exodate tentlr teaaed aamy alth an Irk repoaitor The itTtnm of lotic® vfll male the 
pmlapaed Irk mart eaJQy aeett- It haa at thb aUge lott lU p%mMrt and »in appear aa a delWta 
•whltiih peOkk Thich may ha trc^Tltd In Tartona dirtclkma br the force of the ttieajn. When the 
operator knoaa the extent of tl» trolapae It k aefaed with trk fbreepa and the adbeahwa be tw ee n It 
and the Upa of tlw< wound freed by |:entk dkaectioa with an Iria repoaitor When the operator k 
me that all ha.m been, hcobm. down, and be can puD upon the Irk wUhln the eye in any 

tfireetkai in which be may puD the pnAapae then it may he dealt with in the nanal manner 
If afl« mnoral of the prolapari irk them b a tendencr for the wnniid to gape then the 
mntt be corered by a eonlaneilciJ flap. The method of dobs* thb will be explained under beading J 

2 Oases in which the wound is at the oome(>*ioleral maifin (limbos)^ 
These wonnda are often very email and in civil bf© ore seen after a jterforation 
of the eye by a sharp-pointed Implement ench ae a pm In all theae cases 
a preUmmaiy comeal incision most b© made na the perforation is not large 
enough to admit an ma repoaitor and the pillore of the coloboma are very 
likely to be left adherent to tiie wound after the prolapse has been removed 

These wounds usually need covering with coninnctivft either by means 
of a modified visor flap or in the Ifua diffloult cases bv undermining the 
conjunctiva above and below the porfonition and drawing the edges of the 
freed conjunctiva together by a mattress anhiro 

3 Oases In which the wound o! the oomea extends beyond the limbns, thna 
Involving both cornea and solera— Here there is a wound of the cornea 
limbus and sclera mvolving also the superjacent conjunctrva It la unportant 
to disclose the exact extent of the scleral wound winch U obscured by the 
cut conjunctiva which rapidly becomes adherent to the sclera Fnrtljemiore 
the mcison m the conjunctiva mav be smaller than that In the aclem The 
first step then is to extend with sciseors the 
conjunctival mciaion and diasect the out edges 
from the sclera beneath If now a suture is 
passed through the conjunctiva on each side of 
the wound it may be retracted by the weight of 
a small arterv forceps attached to each soturo 
(Fig 818) In this wav a beautiful ©ipoeure of 
the wound of the sclera and the prolapsed uvea 
results The prolapse Is now dealt with in the 
manner previously described but it ma^ not 
bo possible to remove it with one snip of the 
scisaors 

All scleral wounds must be completely covered with conjunctiva and 
this may be done with U shaped sutures passed a little distance from the 
edg^f the conjunctival wound Even when the scleral wound gapes this 
procedure sufficiently braces it up and m no circiunstances should the 
surgeon be tempted to try and para sutures through the sclera which js 
ei^mely tough so that if an attempt (which is not necessan) be made jt 
will certalnb lead to the squeetmg of vitreous from the e%-e 

There is a h’pe of wound which paraea acroea the eve involving the cornea 


■rS7 

cA) 

Fjo 818 

JlKbod of rxpD*ktg ft coenro- 
■cV r»l wound d nrtof t be w niorii 
of ptokpftpd trvo« 
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and the hmbus and scleia on each side of the coineal wound Such cases 
are not often met uath tliat admit an attempt at con- 
servative treatment, and when an attempt is possible the 
womid in the cornea will be a httle way from the hmhus 
Such wounds are usuall 3 ’^ seen m the lower part of the cornea, 
and after removal of the prolapsed uvea a gapmg wound 
remains, and the disposition of parts is such that the bps 
of the wound cannot possihl}’- come mto apposition Such 
wounds must he covered with conjunctiva m such a 
waj'^ that the bps of the wounds are brought together 
(Fig 819) 

The ^^soR-ELAP or coHJUHcm’^A — The visor-flap of 
conjunctiva, or some modification of it, is most useful 
(Figs 820 and 821) and can he used m all cases in winch 
it IS necessary to cover a gap m the cornea It is formed 
by detaching the conjunctiva at the corneo-scleral margm for about half its 
extent The conjunctiva is generous^ undermined, so that by taking the 



Method of covenng 
a scleral -wotoid by 
sutunng the con- 
jimctiva over it by 
means of mattress 
sutures 



Fig 820 

Steps m the formation of a visor-flap to cover an ex- 
tensive comeal mcision The flap is sutured to the 
conjunctua just outside the hmbus, opposite the comeal 
V oimd When the sutures are tied the cornea is com- 
pletely covered by conjunctiva 



Shows the manner m 
which a visor-flap 
may be converted 
into a band of con- 
junctiva covenng a 
central v ound of the 
cornea 


•edge of the conjxmctiva in two forceps it can completely bury the cornea 
without tension Two mattress sutures are passed near the edge of the cut 
conjunctiva, which is drawn across the cornea and sutured to the conjunctiva 
near the opposite hmbus These sutures should be passed at the junction 
of the rmddle and outer tliirds of the edge of the cut conjimctiva Such 
sutures hold from five to seven dajrs, and when they have become loose the 
conjunctiva will be firmly adherent to the site of the mjury 

Ajitebior synechia between the mis and corneal, wound — If ms is mvolved m a Mrforation 
of the cornea it is usually prolapsed, but cases occasionally occur m which the ms is shghtly engaged 
m the comeal wound, so that no ms presents on the anterior surface of the cornea that can be 
seized ivith forceps When such an mjury is recent a short mcision, 3 mm m length, is made m the 
cornea 3 mm withm the hmbus m a convement place or as nearly opposite the perforatmg wound 
as can be arranged, and through this an ms repositor may be mserted and the ms detached 

If, however, the synechia has become consolidated the adhesion may be divided ivith the help of 
Lang’s twm knives These are essentially sharp and blunt tenotomes of such dimensions that the 
mcision made by the sharp pomted knife will just admit the hlunt-pomted knife This blunt 
pomted knife has been modified by Gibbs -with a curved cuttmg edge which prevents the synechia 
from shppmg off the edge of the kmfe 

When usmg the twm knives, the eye is fixed -with forceps by seizmg the conjunctiva as near the 
hmbus as practicable m the quadrant of the eje m -nhich the comeal wound is situated An mcision 
m the opposite quadrant of the cornea is made with the sharp knife — v hich is -withdrawn without loss 
■of aqueous This is essential, especially vhen there is an unmjnred crystalline lens m the eje 
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The •harp harin* b«n vithdirnTn, the corred bhart pointnl tnifis h fatrodoirrd and by » 
rtwping moTTiioent tbo iTwchla li dlrVl^ , , , , .. 

irfa^aot alrtTa poiiWe to dlTVle aywscW* by r«uaa of thrlf dtnatkin. If they ocott In the 
upper or Inner mrt of the ewnea the dlrWint knife may be Inserted in th» loro ox e^ex pm the 
com*, but If the tynerhia ta In the lorer or at the outer part, the promlnenee of the forehead and 
iMaae prerent the me of the dlridln* knife , _/ 

It to important, if pomJble to dirkie anletter ayneehU not cedy became they canae ot 

the eye bat aho became they may later on lead to ^ocoma. If a ■ynechia canno* bo dWlded by 
Iheae imana, either becaoee of lU touehneaa or aitoatiaft. It may be Hibaequcntly djrided with a 
Oraefe knife or an iridectomy may be performed on each aide M the ayneclila, thua freeing It. 

PBRFORATIHQ UfJU BT OF THE CBYBTALLTWE LENS 

^VhoTea« n variety of injunca such as poat-oortioal opacity and partial 
and total dislocation may occur to the lens bj blows with blunt objects the 
injury produced by a sharp instninient has relation to traumatic cataract 
and its various compbcntions 

When the capsule of the Ions la opened by a sharp instrument the aqueous 
obtains access to the lens fibres which become opaque and swollen If the 
lens capsule becomes incarcerated m a comeal wound it must be dealt with 
on similar principles to those laid down for prolapsed Ins and anterior synechia 
of iris If the capsule is prolapsed It must cut off but owing to the 
absence of the elastiaty seen m the iris there is no tendency for the capsule 
to withdraw after tension has been placed on it by pulbng on it with forceps 
consequently we meet with capaular synechia of the comoa more often 
than iris Bjiiechia Such synechia should bo divided by Lang s knives 
since they are hkely to cause iridocyclitis and glaucoma There is not the 
same difficulty in dividing capsular svnechis as we ere not dealing with an 
eye with an intact crystalUiw lens within it The mam compbeatjon of 
traumatic cataract is glaucoma Raised tension is produced cither by 
masses of swollen lens blooking the pupil or particles of opaque lens material 
blocking the angle of the anterior cliamber It is therefore essential In all 
cases of traumatic cataract to keep the pupil widelj dilated so as to allow 
plenty of room for the increasingly swelling lens fibre* If m spite of the 
dilatation of the pupil the tonrion remams ruised then the lens material 
must be removed which ueceasariW involves an incision in the eve 

When undertaking anch an operation care must be taken to decide 
whether the mjury which opened the anterior capsule also perforated the 
ixwtenor capsule because if an Incision be made into the eye to remove Jens 
matter in tlie presence of a tear of the posterior capsule vitreous Is bound 
to escape consequently m such cases an operation to remove lens matenal 
should be avoided if possible 

If however glaucoma results from the preaence of the swollen lens 
matter m the anterior chamber then on operation will have to be undertaken 
to remove it 

In young people that is under twentv-eigbt years of ago a hcear 
extraction may be undertaken This is performed as follows After a 
facial nerve block and a retrobulbar injection of novocain and the insorhon 
of a superior rectus suture after poralyamg the muscle with an injectioD 
^ minims of a 2 per cent solution of novocain an incision with 
o bi^ stoai^t kemtome is made m the upper part of the corrtoa 3 nun 
inside the Jimbus This site is chosen because m the event of a capsular 
94 
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synechia, it may be divided with the tmn knives The soft Jens matter 
IS tlien wasJied out with a stieam of noinial saline solution at 100° T 
Every effort should he made to avoid a capsular synechia or a prolapse of 
the ms Piolapse of the ins is imhkely if the corneal incision he made in 
the situation advised Subsequent tieatment consists m keeping the pupil 
fully dilated If the posterior capsule of the lens is intact a posteiior 
capsulotomy will be needed at a later date 

If a traumatic cataiact has occurred m a patient ovei twenty-eight years 
of age, then the ordmaiy cataiact extraction with incision at the corneo- 
scleral margin wiU he necessary, and there are advantages m operating both 
in the case of ^mung and older patients before glaucoma has arisen The 
reason for the incision at the coineo-scleral margin is that a corneal incision 
with a keratome is not large enough to allow the expulsion of the nucleus 
of the lens of the older patient 


PERFORATING WOUNDS WITH RETENTION OP A FOREIGN BODY 

The foregomg description has dealt with cases m rvliich the instrument 
of perforation has been vuthdrawn fiom the e 3 ’’e after producing a perforation 
of the coats of the eye, complicated it may he by a prolapse of uvea or lens 
capsule It now remains to deal with cases m which the perforating agent 
has remained within the eye, so that not only has a perforating wound to 
be treated, rvitli or without a prolapse, but also the retained foreign body 

In civil hfe the retained foreign body, apart from gunshot wounds, is 
most commonly a jnece of steel, as such cases nearly alwaj^’s arise during 
the use of a hammer and chisel, or whilst striking an iron or steel object 
It IS seldom that a portion of the material upon which a hammer and chisel 
IS being used pierces the coats of the eyeball During the operation of 
chippmg with a hammer and chisel, the faces of the hammer and chisel 
become heated, and as it is from these surfaces that the foreign body arises 
they are to a certain extent sterilized, and thus a certain number of cases of 
intra-ocular foreign body are not grossly infected If, however, the foreign 
body has arisen during work upon the roadway the fragment is often very 
dirty, so that suppuration is common and infection with gas-producing 
orgamsms is seen, with very rapid panophthalmitis and danger to the hfe 
of the patient 

Foreign bodies that enter the e 3 ’'e m warfare are of several varieties, 
and the treatment thereof depends upon whether they are magnetic or not 
In civil hfe nearly all mtra-ocular foreign bodies are magnetic, and most 
of our description of dealmg with such cases wiU be a consideration of the 
use of electro-magnets in their removal Foreign bodies may arise from 
portions of exploding shells, particles of bullet casing, pieces of detonators, 
grains of quartz from the ground, or small pieces of cordite Shell and 
bullet casmg particles are magnetic, pieces of detonators, winch are of copper, 
and particles of quartz and cordite, are non-magnetic Thus, although 
magnehc foreign bodies may be removable, unless non -magnetic foieign 
bodies are m the anterior chamber or, as rarely happens, visible Avith the 
ophthalmoscope, then removal is either impossible or accompanied by 
great difficulty and risk The retention of an iron or copper particle 
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within the ej-o nearh al^-ayi leads to a gradual dotenoration of the ej-e »o 
that it gradually losoe its power of vunon becomes blind and painful and 
guhsequontly has to be reraovod 

SidCTonj bnlbl — If a piece of iron remains witlim the ej-e certain well 
known changes clinical and pathological take place It may happen 
that a retained foreign body is unsnspooted especially if not accompamed 
bv a prolapeo so that if the crystalline lens be intact tho patient does not 
appreciate that a sonous mjarj has been sustained Such on eye is bablo 
to recumng attacks of mflammation so that m a given case in which the 
history is that a perforating injury has possibly been sustained rocumng 
attacks of iridocsychtis should immediately roiso tho suspicion that there is 
a piece of metal within the eye 


l^teT duiutrrktio cLuim in the tpprciUMre of tho «j« ^ aeen » nntiociM In ookmr of the 
iri* which k«ca It* hrrtr* and pattmi, ft orpoftH of brown prfgmmt Immcdlfttelf noder the ftntertor 
Ina c* prole, often In hfw frotn the ponQUrr ftirft (whloh often renuioe nntfiected. capeelftllr 

In the eftrij ttem} ao that the (be of the depost* loctew ft* w« ptuft from the popfUftr^ ftn« towftrtu 
the peripberj^ the lent. Thew chan^ ftrefteaociftted mlthThr^ofnopftcitr'fti^rethiftldefeQeTfttkKi 
ftndft pftdoftl deterVwfttktn ofelitht, •ndbit tn bkcreftaed tntrft-ocnUr maftore lo that the ejw beoociiet 
bUnd ■tvl peinful and need* ezcklan. A aht-lamp examlnatko wul reveal a rnatj (tainiu of the 
coRwa, opadt^ tn the aqacoo*, aod a 01 ciuLe more obvlooi the chan^ in the irla. In the leni the 
aftoatioo. of the dUrolontlon, wUeh cocuWti of paiUcba of Im not m the epitheliiun of the lent, 
U eaally localized aod the eariy loat of the baiule of dlecoritinDltj obaerrtd. llie rltceotn ihowi a 
characterktic appearance ( there b gf the Tttrecna framework and two Linda of opadtlea t 

amalL red, pnoctate opadUra aod w^e opadtlea of Taijln)! abe the lafRcat of which take the form 
of brilbant djaca to watch are attached aonte of the am^ rra opadtka ainadr mnrtkBed* 

If a foHtdi «/ topptr bs retained edlhln the e^ there mar be an eadj acn-Ktptie ponilent 
df |u» ratlco omua^ eeddoo. bat If the paitkle of copper be tolerated for a lenyth of dme a eeqael 
of chaiadeTidia eban^ h aeen After aerml mnntia the rmea ber o mea ImpR^nated with copper 
The the of the dliroloratloo b Ln Xhe i emt • nembraoe, and It begina exactlV at the Umbtik whm 
it b moat iatoiao It paduaUr paaeca toaarda the middle of tho cone*, it b p md ah nUcrw tn. 
eokrar and mar either ahore or below and fbm a cosUnQooa Tte|L thicker above than UteTatl 7 
It b i-nrfa-rTtmJy tn the ctBgof FVbchet accn la bepato-lmtleaW w g m cTatim fEhmlet Wilwe a 
diaeaae), Otanm tn the leda are alao aretL There oceora an ertmnelj ahaDow opadty abcDated 
In a lajer imraedUtel 7 nbjarent to the anterkw capmle. nej blue cr|[TeT green in cottar and taking 
on the loam of a rmfiower The antHkor axal p^a ol the Wna remain relattrelj noaSeeted, a^ 
thb Ina affected part b eontained wttiiln a dng wtJch ahoaa the minimum of ^paafleatlon, and 
from ahioh a certain nomber of (lender opadtiea radiate towarda the perlpberj The ppach^ ahoaa 
an rvtremeij brlsbt pol^hromatk Inatra whkb b often ablble in ordinary da^bght. ho portioo 
of the dedgn of the autiue* cw fibre* b aeen and the raet of the Ima b quite zuamaL Tlie framework 
of the rdreoaa b compoeed of bundiea and paetadcKiaembaanee of a grey- gi ee u ooVrar In aome placet 
the meahe* are faQ of fine doat of the aame coloor t aome oparHU* hare a red w»*H^lln hatre and In 
otbae caae* the cqaacHie* are partly red and partW wUte. 

Paitidea of quartz, cordite or an eyelaah (unlMa the foIUele he in chided) may remain in the ere 
iDdeduhely wiUurat eavdng trouble and. uoIm vidhle in the anterior chamber and eaaily reached, 
are heat left aloce in riew of tho difficulty ud danger inrolred In tlnir reranraL Partlelea of glaaa, 
a* from a apectack lena, are partlenlariy difficult to deal with. TTwy may be arexi quite well In the 
anterior eharaber with a aid lamp, but npeo an attempt at their remoraJ Um <Tir4.Wi ^ 

““7 *0 the optical oondltlooa that tha piece of flaaa b loat to rfcw and, even when aeon aufUobtiUy 
well to to mixed, may ftrumite ao that only a portian may to remrrred, leaTing amaHer frajnnntj 
whliin the eye afth ahlth it h imnoaaible to deaL TheM eaaea in which a particle of glam in the 
anterior chaintor U tn oontact with the ccroea lead to reearriog gf TTTflfiT'm«|ri^ gf hmjrer 

and loDger duration, which produce an Inoreaain* opacity of the part the oomea InvolmL dSb* 
a n ttU ek of inflammation ft b qotto impoaaiMe to remoro the fowagn body owing to lU be^ 
otoeare^ and when the eve haa aettbd, knowing the dMBcnJtiri that wiD bo eoeoamtered In m 
W temptrf rwnoTiJ. there la a tcaaleriioy to leave It alone, a p t'oee dux e In which th* patient, who 
w good Tblcm In the ^ uaualiy ccascuia. In thb way thcM eyea after a aerie* of veari become 
moc* and mere of a nulaance ao that they frequently end In eicWoai. 


THE DIAGNOSIS OF A EBTAIHKD FORHQH BODY 
'^c history of tho case is most important m giving a clue as to the 
poasiblJlty tlist a perforating wound has boon caused by a fomgn body 
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as well as the type of foreign body likely to be encountered In civil life 
the foreign body is usually small and oat-sbaped, weighing but a few grains, 
whereas m warfare the particle may be any shape and often much larger, 
rendermg the damage it has done durmg entry of the eye much greater, 
as well as increasing the difficulty m its removal A small perforatmg wound, 
especially if accompanied by a perforation of iris and lens unaccompamed 
by a prolapse of uvea, is very suggestive of a retamed foreign body It 
means that a tiny fragment has perforated the coats of the eye and that no 
aqueous has escaped It is during the escape of aqueous through a per- 
foration that the iris is hahle to be washed out of the eye We have msisted 
that m all cases of perforatmg mjury of the eye the pupil should be fully 
dilated and an ophthalmoscopic examination carried out, and m any case 
of doubt a stereoscopie X-ray photograph taken X-ray photography is 
not always necessary, and should not be msisted upon if it will cause any 
considerable delay m deahng surgically with the m]ured eye An electro- 
magnet used in the extraction of a foreign body is also of diagnostic value, at 
any rate m the case of a magnetic intra-ocular foreign body The diagnosis 
of the presence of a non-magnetic foreign body m the vitreous is usually 
only of value for prognosis 

Panophthalmitis — Tins is hahle to follow a perforatmg wound that has 
mvolved either or both the lens and vitreous If a foreign body has come 
to rest m the anterior chamber, infection is usually overcome by smtable 
remedies, hut the lens and vitreous are such suitable media for the growth of 
orgamsms at an optimum temperature that mfection almost always calls 
for a removal of the eye The wound of entry may or may not show signs 
of mfection, and suspicion may first be aroused by mcreasing congestion of 
the superficial vessels of the eye, discoloration of the ins with possibly 
exudation mto the anterior chamber, and a yellow discoloration of the 
mjured lens or cloudiness m the vitreous A significant sign of infection of 
the vitreous is rapid loss of visual acmty and of the correct projection of 
hght shone mto the eye with a mirror Later signs are chemosis, proptosis, 
and restncted movement of the eye, due to orbital ceUuhtis or orbital oedema 

If it IS decided to remove the eye, a choice of methods is available If 
the eye can be removed without rupture and extrusion of its contents, then 
excision is the better plan If, however, it is likely that the eye will burst 
durmg excision, the attempt should be abandoned When excismg an eye, 
the subject of panophthalmitis, it will be found that the muscles and 
other contents of the orbit are very much swollen and friable, and it will 
need qmte an amount of dissection to free the globe If, after tins 
extensive dissection, the orbit becomes flooded with infected ocular 
contents, there wiU be gross soihng of orbital tissues which may lead to 
spread of infection to the memnges with fatal results It is better to 
eviscerate the eye and then remove the sclera without openmg the sheath 
of the optic nerves This operation (Lister’s fiill operation) is performed 
as follows General anassthesia maj’^ be necessary, and evipan is both 
convenient and smtable 

The cornea is removed with scissors, if necessary, after piercmg the 
comeo-scleral margm with a sharp-pomted kmfe The cut edge of the sclera 
IS then seized with three Spencer-Wells arterj’- forceps for about 3 mm , and 
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th« contenta of the oyo eooopod out and the eolera then oarofoUy Tnped out 
with gauze »o as to make certain that all uveal tissue ho* been remored- 
The solera is then packed with nbbon gauze and the conjunctiva and muscles 
carefully stripp^ from the sclem When the sclera has been stnpped quite 
clean the packmg is removed and the sotera cut across just anterior to the 
posterior pole of the eye so that the optic nerve sheath is not opened. If 
the greater part of the sclera is not removed it will gradually slough and 
will have to be removed piecemeal over a period of several weeks during 
which a dirty discharging condition of the orbit persists In no oiroumstances 
Is a packing to be inserted into the orbit 

KTTPTtmKD GLOBE 

A perforating wound which has caused a ruptured globe will not allow 
on ordinary exdaion to be performed The eye m those ciroumstancee lias 
lost most of its flmd contents and the sclera is split mto a senes of petal like 
portions An operation ver\ aimilat to that performed after an evisceration 
of the globe in panophthalmitis la performed the strip of sclera being seized 
with several arter} forceps the uvea scooped out the solera wiped dir 
and after packing freed from the orbital contents A scleral fhll operation 
IS then performed ft la essential to preserve all conjunctiva in order to 
obtain a roomy socket to accommodate an artificial eve 

TECHHIQGE OP THE BEKOVAL OF A MAONETIO XHTBA-OOULAB 
POBEIGH BODY 

Although two estahlished methods for the removal of an rntra-ocular 
magnetic foreign body are in use it is almost always r>ece<Barr to use what 
Is called the anterior route In war injones The poetenor route operation 
consists m the use of a small hand electro-magnet introduced through the 
sclera after a careful X ra\ localization In war injnnee wo can never be 
certom that an mtra-oculor foreign body is magnetic, and so it would follow 
that a largo number of eyee would be incuBed and an electro magnet pomt 
inserted unneceasanly and in vain In consequence the procedure adopted 
and recommended is to draw the foreign body mto the anterior chamber 
by means of a large electro magnet whence It may be removed while still 
observed by means of a hand electro-magnet It will be granted that it 
is both easier end safer to remove e foreign bodj whose situation is exactly 
known and that can bo seen during all stages of the operation Now the 
oesieet foreign body to remove is one that has come to rest in the anterior 
chamber and which is not ontangied in any ocular contents The use of the 
giant ma g n et ts to convert every case of mtra-oculor foreign body into one 
m which the foreign body lie* frw in the ontenor chamber 

Except m rare m s t an ces the wound of entry made by the foreign body 
13 disregarded and m tboae cases in wliioh the wound is large the eye wiU 
have been so much injured that there is no poanblhtv of saving 
it The plan that will be described and recommended, then, is to draw the 
foreign body through the pupil mto the anterior chamber with the giant 
magnet and then through a planned mcisioa remove it through the cornea 
^y prolap« of uvea the result of the perforating injury is dealt with after 
the foreign body has been removed 
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Equipment — T^vo giant magnets aie m common use in England- that 
devised by Piofessor Haab and the other b}’’ Piofessor Melhnger The 
Haab magnet is a veiy familiai one, and consists of a umpolar electro-magnet 
with a moderate^ slioit teiminal, used mthout a ilieostat and controlled 
by means of a iiedal The gieat advantage is that immediately the patient 
experiences j^ain he can vuthdraw Ins head. Tins is, as it were, a safety- 
valve, because Avhen the patient uuthdraws his head he i emoves Ins eye from 
the influence of the magnet and so prevents the foreign body, when it comes 
into contact with the iiis (ivhich causes pain), from becoming entangled 
With the Mellinger magnet as usually used, the patient is lecumbent and 
the coil enciicles his head The magnetized coie is held m the surgeon’s 
hand in the middle of the coil over the patient’s eye If, now, the pull of the 
magnet diaws the foreign body mto contact vuth the ms, the jiatieiit 
cannot withdraw his head, and so the paiticle may become entangled in the 
Ills from which it may be extiemelj’’ difficult or uupossible to disengage it 
Eurtheimoie, it is much more hkely to mjure the lens which may not have 
been pierced by the origmal Avound The giant magnet is used m company 
with a hand electio-magnet Aveighing about half a poimd and actuated b}’’ 
a foui-cell accumulator It is essential that the current be conti oiled Avith a 
foot-switch This IS preferable to incorporating a Morse key m the circuit, 
as this has to be managed by an assistant, and it is preferable to have the 
magnet completely undei the surgeon’s conti ol It is not advisable to use 
a permanent magnet since, if aftei the foreign bodj^ has been attracted by 
it, it becomes entangled m the ins, the foieign body cannot be released and 
AAull in consequence drag the conijilete ms from the eye, as the magnet is 
used after incision of the coinea The usual means of anffisthetizmg the 
e 3 ^e are used, so that a sjmnge and a 4 per cent solution of novocain, a 
2 cm hypodermic needle, and a 3 5 cm fine hjqiodermic needle are necessary 
A corneal incision is made with a straight keratome 10 mm from base to 
apex and 8 mrn inside at its base A hd speculum, fixation forceps, ins foiceps, 
de Wecker’s scissors and an ms repositor complete the outfit An undine 
filled AAuth normal sahne solution at 100° F mtli 3 ft of tubing and a 
flattened silver nozzle is a useful adjunct Good lUummatioii is essential, and 
one of the operating lamps that have been introduced in recent years much 
simplifies the operation The illumination of the eye may not be very easy 
and needs some experience by the person who holds the lamp, a point very 
frequently neglected 

Preparation of the patient for operation — The pupil must be fully chlaied, 
if necessary, by means of a subconjunctival injection of “ mydricaine ” 
Local anaesthesia is obtained by means of cocaine drops (4 per cent ) oi 
pantocaine (1 per cent ) applied everj'^ three rmnutes for fifteen minutes 
These drops may be usefully combined AAuth the apphcation of a feAv drops 
of a solution of adrenalin (1 1,000) 

WHEN A CORNEAL FOREIGN BODY IS PARTLY IN THE 
ANTERIOR CHAMBER 

The danger in dealing with these cases is that durmg an attempt to remove 
the foreign body the anterior chamber inaj'’ be lost, the foreign bod}'- AvrU 
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come into contact with tho lens capaiile and if tlila be injured a traiuuatic- 

cfltanict wiD reeult Also nn\ fiirtlior attempt to roniovo 

the foreign body must be abandoned nntil tho antenor 

chamber haa re formed Two proceduroa are open to tho 

gnrgeou If after a careful eTsmination with tho aht pa*' 

lamp to decide the exact depth of tlie foreign bodv hoa I 

boon earned out a conaldorabk) nmonnt of the foreign 

bodv 18 projecting behind the comea it nia\ be pushed 

into tho antenor chamber from which after tho aqiieoua Fro 8*2 

has snfHmently re-formed it may bo removed b\ tho inthije«e-tl»foo>igiL 

Binall maenot in the manner described m donhng with a bodj pertor»t«i 

, , the «ime*aad w b« 

magneho foreign bod\ 

The other procedure la to perforate the cornea witli *nd partly in 
a bent Taylor ■ knife dnve it across the anterior chamber 
belund tbe foreign body fixing the point of the knife Uhted^tllJ 

m the cornea upon tho opposite aide The knife is held in forei^ body w u to 
position behind tho foreign body so that tlie lens is prorat ^ cUmmgto^ 
protected during the subsequent manoonvres to remove tempt »t H» i^t»L 
tiie splinter m the cornea (Fig 822) 

Kon-nuifnetJo foreign bodies In the anterior chamber 
— These must bo removed either by forceps or ms 
manipulation of such instruments m 
' *’ the anterior chamber with an intact orvftalhne lens 


Fm aa va of extreme danger It has bten usuel when a 

foreign bod^ is lymg on the iris (often in the lower part 
anterior chamber) to make an incision at tbe 
from tbe ebam hmbos at the site of the foreign body and then 

Sit ^ ^ introducing curved or streight ms forcepe to tn to 

eeire the foreign bodj and to remove it (Fig 823) 
fer tbe Mmc porpow This often fails and then an iridectomy is um^ m the 
hope of including the foreign bodv in the piece of ms 
removed Another plan is to make a small 


incision in the cornea just within the limbus to 
one side of the foreign body and then to trj to 
remove it by means of an Ins hook 

An eyelash In the antenor chamber maj be 
removed with toothless forceps through a aimiJar 
comeal moision if it be disentangled and gently 
coaxed over the ms by a stream of saline eolation 
through a silver nojxle 

TECHHIQTIB OP THE HAAB MAOHET 

1 Position of the patient — (a) If the patiext 
SIT ur — The patient is seated on a chair of 
ordinary height with a back. The height of the 
patient Is regulated with cushions nntQ the eye is 
on a level iljghth above that of the magnet point 
The chair is drawn up as closelv as powbie to tiie 
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8bo«i cA tbe rteht hsnd tUfr 
the imisl Indrian by a knstotne 
or Qnefe Wdfe in toeb oper* 
tkni u Iiidectanjy oc crUnet 
eitrsrticcL li ilWrstrt tbe 
tllfflcnhy that m*v be eneocn 
if RKb an lnc4ilcn be rnsde 
In Ml attempt to remore a non 
marnetk fcrdgn body nesr tbe 
an^ of tbe anterior chamber 
hj meana of a foroepa. On tbe 
left band abk la t tw inrlaicn 
recommeitded foe nae »lth for 
eepa to remora & two mapietlc 
forripi bodv Ivins in tbe iria. 
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magnet, the patient folds Ins arms and rests the forearms on the shelf attached 
to the magnet pillar This movement must be regulated by the surgeon, so 
ns to avoid mjury to the eye by bumpmg it agamst the magnet 

{b) If injuries or general condition prevent the patient sittino 
UP — ^Tlus contmgency is extremely unlikely in civil hfe, but has been met 
vnth frequently in war casualties 

The stretcher, with the patient on it, is placed on the operatmg table, 
and the magnet is brought as close as possible to the head of the table, on 
the left side The head end of the stretcher is then moved laterally towards 
the magnet so that one of the runners rests upon the arm shelf attached 
to the magnet pillar The head of the patient is elevated by placing pdlows 
under his head and shoulders until he is m a senu-recumbent position, 
■noth the level of the injured eye a httle above that of the magnet point 
The head is then turned to face the magnet 

We always work with the magnet on the left side of the patient, 
irrespective of which eye is mjured 

2 Position of the surgeon — ^The surgeon stands on the nght side 
of the seated patient, vath his left foot and left shoulder somewhat behmd 
the patient and his right foot and nght shoulder shghtly m advance He 
rests the back of the patient’s head m the hoUow formed by his flexed elbow, 
supporting the head chiefly with the upper arm This restrains any sudden 
movement of the head backwards, and enables the surgeon to brmg the 
head of a nervous patient forward without undue effort 

(a) Surgeon's hands — The pahn of the left hand is placed on the forehead 
of the patient above the mj'ured eye the forefinger retracts the upper eyehd 
and retams it m position by pressure agamst the upper margm of the orbit 
This also, by hftog the eyebrow, controls the most powerful part of the 
orbicularis and corrugator supercihi muscles The other fingers should 
xemam outstretched and placed on the bevelled core of the magnet, so as 
to regulate the distance of the eye from the magnet and to prevent pressure 
of the magnet pomt upon the globe The thumb of the left hand remams 
on the forehead of the patient 

The fingers of the nght hand grasp the lower j'aw below, while the 
outstretched thumb retracts the lower eyehd, pressing against the lower 
margin of the orbit The distal jomt of the thumb is shghtly hexed, and 
the projection of this jomt may be used to regulate further the distance of 
the eye from the magnet, by contact with the bevelled core 

(b) Position of surgeon’s head — ^The head should be mchned to his nght 
shoulder, so that he views the patient’s eye from the front as weU as laterally 
and at the same time does not obstruct the hght from the ojoeratmg lamp 
From this position any movement of the ms, and often of the foreign bodj’- 
advancmg through the vitreous, can be observed 

3 Position of operating LAaip — ^The lamp is placed behmd the magnet 
and on the patient’s nght side on the level of the magnet pomt The beam 
of hght IS directed on the mjured eye parallel to the bevel of the magnet core 
The distance is regulated so as to get the greatest concentration of hght 
The question of lUununation is important, smee a good hght enables the 
surgeon to detect at once any movement of the ms 

4. jManipulation of the fateent’s head — ^The patient’s head should 
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not bo advanced erect and facing directly forward to the mognot if this 
be done it will be found that the nose to an extent dependent on ita eiie 
will come into contact with the bevelled core and will prevent the hood being 
advanced to tbe requited position Instead the chin ehonld be elevated 
the head inclined shghtly towards the same shonldor os the injured eye 
and rotated towards the opposite shonlder Thns in tlie case of a right e^’e 
the head i» tilted back, incUned to the right shoulder and rotated towards 
the left Tlio patient is instmotod to keep both eyes widely open to look 
at the magnet point and to allow the surgeon to move lus head freely m 
any dnectiom The head is then advanced until the magnet point comes into 
contact with the cornea just above its centre 

fi OrEBATTOx TTpox TATTENT LYTNQ Dowv — In tho caiBcs m which the 
general condition or injunca of the pabent necessitate the recumbent 
position or in which the operation with the Haab proves to be so painful 
that a general amesthetlo la required for Its completion the surgeon stands 
above the patient a head The upper eyehd la retracted with the forefinger 
of the left hand and tho lower eyelid mth the forefinger or thumb of the 
right hand the head and face being grasped between the two palms 

If tho patient la under an eiucsthebo and the whole weight of the head 
has to bo supported it is oonvenient to insert Clarke s wire speculum between 
the eyebda Tbe pedal of the magnet has to be worked bv the nssiatont at 
the direction of the operator 

The operating lamp m these circumstances is adjusted so that the 
projector is over the patient s abdomen and the beam of light shines down 
on to tho pabent s face It requires some care to secure tho b^ lUnmmabon 
The full strength of the current Is switcheni on by depressing the pedal 
It 18 important that at this moment tho magnet point should actually be 
In contact with tho ooroea slightly above its centre It is surpnamg how 
much power is lost If there U a space of only a few millimetrefl between the 
cornea and the pomt of the magnet 

The reason for this relative position of eye and magnet will be readily 
understood when we consider tbe forces acting on tho foreign body namely 
the vertical pull of gravity and the honiontai pull of the magnet The 
foreign body will follow the resultant of these two forces and travel obliquely 
downwards instead of honsontsUy forwards This is partly the reason why 
most foreign bodies are present bohmd tho lower part of the ins also i. ray 
locahiationa show that m tbe majonty of cases foreign bodies after 
penetrating tbe globe sink to the lower part of the vitreona chamber 

The object of the sudden appheation of the fnH current Is to disengage 
the foreign body from its bed (If it is resting on the retina) and to make it 
pass forward through tbe vitreous to the poetenor surface of tho lens as nearly 
as possible m tbe bonxontol plane 

Foreign bodies may sometimes be seen through the vitreouB until they 
come into contact with the posterior stufece of the Ions, and then ahppmg 
roimd the edge of the Ians, suddenly appear quite free in the antenor chamber 
Tnl* is the Ideal result 

^ th^orce be gradually applied either by tho use of a rheostat or by 
^ distance and gradually advancing the head 

nntu the cornea comes into contact with tho magnet pomt three dangers 
95 



862 


WOUNDS OF THE EYE AND ORBIT 


Will be incurred, namely the foreign body may bo (1) dragged along the 
retina, (2) forced into the ciliary body, or (3) become entangled m the root 
of the ins Usually the foreign body shows its presence m the posterior 
chamber by pushing the ins before it. 

When the foreign body presses on the ms, the patient experiences pain, 
and may state that he feels as if somethmg were draggmg on the eye It 
IS most important to notice the exact moment and position at which the 
bulging of the ms occurs the moment, because the current must be cut 
oS at once, to avoid entanghng the foreign body m the substance of the iris , 
and the position, as this determmes the subsequent manoeuvres adopted 
to bring the foreign body through the pupil into the anterior chamber 

A very common position at which the foreign bod}'' presents itself is 
below In such a case, after shutting off the current, the patient is told to 
look down, the head is tilted shghtly forward and the magnet point apphed 
to the upper margin of the cornea The current is then switched on again, 
and the foreign body slips forward thiough the pupil to the posterior surface 
of the cornea The current is maintained, the head shghtly withdra'wn 
and the patient told to look upwards until the magnet point is at the lowest 
part of the limbus 

The foreign body is thus drawn into the bottom of the angle of the anterior 
chambei, the most suitable position fiom which to remove it -with the small 
magnet 


Tlie abo^e is a description of the simplest case At any stage m the operation difficulties may 
bo encountered 

1 Delay m the passag^e of the foreign body through the vitreous chamber — Delay is most common 
m those cases m which the foreign body has been m the eye t\\ o or more days before the attempt at 
rcmo\al, and in Minch, consequently, it may bo more or less fixed by exudate Foreign bodies not 
infrequently appear m the anterior chamber coated wth the exudate that has formed round them 

Almost alu ays m hen a magnetic foreign body is present m the eye, the patient oxponences some 
sensation of dragging from tlio first moment of application of the magnet Even if no draggmg 
sensation bo felt nhen the magnet is applied to the centre of the cornea, a very small magnetic 
foreign body may bo present, and an attempt should bo made to elicit the sensation by applymg the 
pomt of the magnet to the sclera ns far back as possible, above, below and laterally If the sensation 
of dragging bo produced, ofiforts to bring fonvard the foreign body must bo persisted m for a 
considerable time It is in these cases that the method employed bj' Haab proves most useful, 
that of applymg the force of the magnet in a senes of jerks Tlio magnet is applied to the centre 
of the cornea, and the current rapidly switohed on and oil with the pedal, alternating this wth a 
scries of long pulls 

We have m some cases obtained ultimate success by persisting m this method for five or more 
mmutes It may bo desirable to internipt the attempt for some hours if the magnet becomes 
overheated, m order to allon it to cool 

In obstinate coses the foreign body may sometimes bo loosened by applying the magnet to various 
pomts on the sclera, so os to pull the foreign body in various directions, and so loosen it In tins 
May also a greater force may bo exerted by placing the point closer to the foreign body This 
mancDUvre is similar to the loosening of a stake driven into the ground by lateral movements before 
removing it by a straight pull 

It may be noted that delay in the ntreous is much more likely to occur m those cases in mIiicIi 
there is some clement of infection 

The presence of infection in the eye frequently causes the formation of bands in the vitreous 
M Inch are attaclied to the foreign body It Moll then be found that the foreign body can bo brought 
forward Moth the Haab magnet, but on breaking the current it is drawn back again into the vitreous 
In these cases persistent attempts must bo made to break the bands, or at all events to stretch 
them as much as possible, before proccedmg to the second stage of removal wth the small magnet 
This should be done by -varying the position of the eye and the patient’s head, so as to cause the 
greatest possible amount of tension to be put on the bands m hen tlio magnet is applied 

2 Entanglement of the foreign body m the ins — When a foreign body is drawn fornard, it 
frequcntly becomes more or less entangled in the ins This shows itself by movement of the aflootcd 
part of the ins toMards the magnet point Such cases require the greatest amount of care m 



863 


PEBFORATINO WOU^DS OF THE ETEBALL 

muiipolitloo It h impmtive to dfieiiUnj^ the IbrHcxi body ksd to bring It forwd into the 
*irt«Crrii»inbor rin« tf th* h Dot dooe attempt to remove tbe focrigo body with the fmall 
augnet if almost rerUia to end In cDjarter Jt W improper to try to poll the foreign body throogh 
the irk j thk will only Impart It in the tkrie 

He foreign bodr fcaviM ibown iU pre«eti« in the posterior ehambrr br hedging the Irh forward, 
the earrent be «rt offimmedUtely We will nppen again that the toreign body haa prerented 
befcrw in the right eye The b^ of the patient la bent forward, the chin IncDned to the left ihooldef 
ami the magnet pjnt applied to the Hmbat np and otrt ao that the line of ita poll (hall be as far aa 
pcwrible la the of irk, with aa bttle forward dng aa poadble Tbe patient k at the Mine 
teJd to look down and to the left. The enrrent k then awitdJed on, and after one or two attempta, 
the foreign body will probably be releaaed and come foraard. If thk bo not aucceaafol, it h generally 
piWhL. to detach the foreign body from the Irk W apfdying the magnet point atlU fortber back on 
the adera, an that tbe poll u arto^y behind the plane t4 the irk. Once the foreign body k detaefaed 
It ean eaaOy be brooght forward into tbe anterior chamber 

fnmnMf maacnrim may be adopted for foreign bodW preaentlng at other pcinta, with an 
ap p ropr ia te change of the relatire porooea of eye a!^ magnet. 

S. The j n a gi ca ol t "tmTI c^ml or oaseo-adetal w mm d with jrApwi ol hk — No attempt 
swt be jwtk to remove ilw forrifii body thnmgh aoefa a wnond, or th rough any enlar^gement of that 
woTmd. Tbe foreign body aboola be treated aa Indicated aberre and broogfat to rert ai near the 
lower of tha anterior chamber aa pot<(ble Tbe aab>c')amt Ireatmeot of anch a ccnditlon 

wm be deacrlbed later 

4 The imeuta ol a yery Isxse corneal wound — In tbeae caaea the pi ear nee of a large Intra-ocniar 
foreign bo^ U fodleated, and the chance of aaylng the eye k ic nea po ndlngiy fbgbt. There ia 
consderaUe danger that irk, rilkiy body Iraa, or yttreona may be draned out In an attempt at 
temorml of the foreign body Any atteo^ with the Haab magnet most oe b e gun very caotlcmly 
with the eye at aome dhtance and tbe enert cloacly o b ae rre d. 

At the 5r*t sign of the foreign body prraentiag behind tbe rorara aD farther attempta with the 
Haab most cease, and tbe fore^ body ahoold be mnored with the smaO maipet — aa a nde through 
tbe corneal wound. Tbe smaTl magnet rirea ample power and la nnder nni^ better cootroL 

A. Tb* piWHDCo d gn trahetl/d sekeu wtamd — If the wnond be torpe, the fore^ body ibcrnld be 
remored throngh thk aound, with the HtAe preeastkixi as In tha eaje of a large coriMwl voond, and 
the se tera be t ntore d. If the woond be mw the forei^ body abcpold he remored by wav of tbe 
a nte rior damber aa if ao eekTal wotmd eristed. He wwand in the adera, by a naall forriga 
body nerer gfree sofident ro om for the withdiawal of the fo reign body with the magnet, and 
eu nreqw an tly woold hare to be enlarged, Eryn were tbe bole rofloesUy Vm the chaarea ^ the 
foreigB body ewaging aemately tn It are extremely aOght. But in any rase & CTnjanrttra thoold 
be Rtored earerally om the scbral woond after tlw foreign body baa bees lemored. 

THE TEOHSIQUE OF THE KMATJi UAGEET Hf THE REMOVAL OF THE 
FOREIQII BODY FROM THE A5TEEI0B CHAMBER 
Having brou^t fonvard and depoaifod the foreign body m the lotrer 
tmgk of the anterior chamber the next step la ita removal from the ej*e 
Unless the eye w white and qmet and the pebont amenable it will be necessarv 
to block the facial nerve and give a retrobulbar injection of novocain. 

Tbe patient is placed upon the operating table with the head supported 
by a cyhndncal sandbag which is adjusted in a comfortable position m the 
nape of the neck. 

After the eye haa been aneaetbetized, the conjunctival sac is gentlj 
irrigated with normal sahne solution at a temperature of 100'’ F For this 
purpose the eyelids are everted and special attention la paid to the hd 
margins and to both canthi aa well as to the fomices 

Tbe Bpeoulnm is inserted and s firm grasp of the conjunctiva and 
subconjunctival tissue is taken at or abghtly below the bomontal meridian 
of the cornea just outsido the lunbus The eye is rotated weU downwards 
The corneal section is now made directly above beginning at a point 
3 mm bebw the hmbus that is about half way between the limbus and 
the «ntre of the cornea The point of the blade is directed straight towards 
foreign body and the section is completed by an onward thrust without 
lateral movement A section made in this way will be of a valvular 
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desciiption, and on withdraival of the keiatome the hps of the i^oiuid will 
come together and prevent the escape of aqueous 

The size of the mcision is determmed by the dimensions of the foreign 
body, and it may be necessai^'- to can'y the point of the keratome down 
almost to the angle of the anteiioi chamber Allowance must be made for 
the fact that the opemng on the deep surface of the cornea is smaller than 
that on the superficial siu'face 

The keratome is withdrawn fairly rapidl3% without aity jerk, and precisely 
111 the plane of its insertion At the same moment the grasp of the con- 
junctiva IS released , it will be fomid that httle oi no aqueous is lost 
This end will be still more certainly’’ attained if the weight of the speculum 
be taken off the e}^ bj’’ the assistant Without loss of time the small 
magnet is taken, and the pomt of the teimmal is directed outside the 
coinea and immediately over the foreign bod}’’ In this waj’’ the foreign 
bod}’^ IS attiacted to the posterior suiface of the cornea by bruigmg the 
teiminal upwards, still close to the cornea, the foreign bod}’^ is dravm along 
the posterior smTace and into the corneal section The terminal is depressed 
on to the wound and the foreign body thus vnthdrawn During the whole 
manoeuvie, if possible, the eye must not be touched with fixation forceps, 
or the aqueous ’vwU piobabl}'- be lost Aji}’’ tendency of the iris to prolapse 
after the foreign body has been removed is overcome by manipulation with 
the ms repositoi 

In a certain number of cases, m spite of all care, the aqueous liuinour is completch lost It is 
then impossible to -uithdran the foreign body in the manner mdicated abo\e 

Two methods of dealing ^nth the case are now open, the first of winch is to fill the antenor 
chamber with normal salme solution and then to rcrao\ o tlio foreign body as before 

The second method is carried out as follows The oyc is firmly seized with the fixation forceps m 
the honzontal meridian and rotated w cU downwards The magnetic terimnal, wth the current off, 
IS introduced into the comeal section and passed straight doivn into the angle of the anterior chamber 
imtil It comes mto actual contact with the foreign body The current is then switched on and the 
foreign body gentl}'' removed Any tendency of the foreign bod 3 ^ to hitch on the hps of the wound 
may be overcome by rotatmg the flattened magnet pomt so as to separate the hps of the mcision 
It will sometimes be foimd that on passing the terminal down along the posterior surface of the 
cornea the lower pupillary border of the ins is pushed m front of it, and the magnet pomt caimot 
be brought into contact with the foreign bodj^ Any attempt at removal then ivill only entangle 
the foreign body in the iris The pomt must bo insmuated in front of the ins bj withdrawing it 
shglitlj' and sw eepmg it laterallj^ and dowmw aids with a mo\ cment following the curve of the pupiUarj 
border If bj’- cliance the foreign body should become entangled m the ms, the current must bo 
switched off and the torrumal placed m a more fai ourablo position before a fresh attempt is made, 
otherwise the iris will be tom aw'ay at its root 

It IS very unusual to meet intli a prolapse of ms through the corneal section, and should the 
ins become attached to the comeal section its favourable position allow s of its detachment by means 
of Lang’s tw m knives 

The foregomg description apphes to uncomplicated cases , various conditions ma}' bo present 
w hich make the operation more difficult 

1 Complications due to the nature of the wound caused by the entrance of the foreign body — 
(a) PKESE^OE OF A FBOLAPSE OF IRIS — Tho procedure for removal of the foreign bod3' is the same 
ns that adopted m an uncompbeated case After the foreign bod 3 ' has been removed tho prolapsed 
iris should bo cut off in the usual way 

On no account should tho iridectomy be performed first, and then an attempt made to remove 
tho foreign body through tho site of the prolapse or an enlargement tliereof If tho w oimd extend 
past the limbus, it may bo necessary to msert a conjunctival or scleral suture 

It may bo noted that a wound of tho solera may haie to bo treated in tho same wn 3 ', and a 
prolapse of vitreous cut off The presence of an unhealed woimd makes the section more difficult, 
by reason of tho lowered intrn ocular tension 

(i) The pbesence of a tbaumatio cataract — If tho foreign body can bo seen m tho lens and tho 
eye show s no signs of infection, operation for removal of the foreign body should bo doforrod until 
such time ns the cataract is also ready for remoial If, however, the lens bo con3idorabl3' broken 
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up ukI netting foTVunl Into the ulterior cliunlicr the foreign body iliould bo brought for«*nl irith 
tb* Heeb Hi»|?Jet md moored m deerribed, end th« opermtioi completed by nuhins out u much 
■oft )em mutter u poeiibio 

If tie ere be Infeed, operation iboald. be anderULen at coce and the anterior ehamler tboroughlr 
Irrigated with normal t^oe aolution at a tunperatnre of IW’ F 

1. doe to ol Um bt® — («>) I'*ra*aoE or TTranon basih — I n the raaea 

refcrred to under tbe feeiatfw of the Haab magnet abere ritieooa banda prevent the foreign body 
coining forward freelr and the attempta with the Haab jnagurt hare foDed to free tbe forefm Ijodr 
enlirefy difllroltT will be experienred alth the eraaO magnet AppUcatloci of tbe point of the amaJl 
BMkgiwt ontaide the cornea wfU be Ineffectual i tbe terminal moat be Introduced into the anterior 
rbamber and the end placed ai near aa poedble tn the ipot abeie the foreign body preaenteiL Ibe 
current b then turned on and an attempt made to free tbe foerlgn bode by gentle traction and lateral 
moTeernta. It mac b« nece«wy to aaent tbe magnet with nme non magnetic Inatnnnent aoefa aa 
as farii repnahor 

(6) Casct with rrm^TE ut m arrxajoB cnoracu o» HTTomiT — Tbe emdate which otten 
forma a cast of the anterior chamber may come out with the foreign body and tn default of thb 
tbould be remored whh IrU fortepa. After mnoral of the exudate a rather IDiuott Impreaalos of 
the eonihtlon of the ere h prodoced by tbe elearing of the Iria and popfl, but the lutaeqaent coorao 
of inch eaiea freqoentry prorei dlaappatndng 

If hypopyon be present it ihowl be remored by freelr inigating tbe anterior chamber with 
normal — li^ ■olutlcm 

He operartoo bi erery eaae h completed by pUdng a pwee of iterilo (1 percent ) atropine ointment 
Is the canlunctiral no ajid applying a pad and bandage 

Tbw afrer treatment of then caaca ta erxidacted oai general llnea, namelc freqoent hot bathing 
and the uae of atropine ointment together with complete reat in bed. 

3. Oaaei to tha toe ol Um cbmt rrragTwt bai bdM to dtaw th« laalt n body forward 

— Caw^ are occarionafly met «hb In which giant magnet haa failed to draw the foreign 
body forward. If tbe medU are dear tbe fo re ig n body may bo aeen in the fundoa and poai^ly h 
ttuy be lenk to more a Bttlo w ben tho giant magnet h applied. Eren w hen 
the media of the eye are not clear euoQgfa to aeo the loreigB body tho 
•eiiMtbm of pain induced by tbe appbcatkn of tbe dast magnet may 
make H certam that tbe forein body w magnetle and tberefore ■ome other 
mean* nmet be adopted to bnag abm tta remoraL 

If it baa been prored that a magnetle foreign bodr U In the eye H muit 
In tbe fint ttotance be preelaety localked, and mooetn apparatm in the 
band! of as expert gtree my pce e be tenha. \\'beii thh naa been aman 
^labed the conJimetiTa tn a eonrenlent podtlcn ie receded, ao that tbe 
band magnet terminal may be hrtrodoeed into the eye three^ a eultable 
inddao and tbe foreign b^j remored powfbly under tbe eootrol of oph 
thalmoacopy There le a danger of a eubeeqnrnt detaidimest of tbe retma 
after an hutaioo hai been mane and tberefo^ to amid thla, an area of dia 
tbermy eoa^iation of tbe ehoroid mrwt be made at tbe aila of tbe propoeed 
inmlan. It ere (Fig ttt-T) rnggewrathat rt»i »^ili » .t trisom y 

knife and that the adera be supported by eiitm ea on each aide of tlm pro- 
pcaed indaloa. H ohaa bad aeTeraleneoursgingresulta from eudi a procedure 
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Illuitratei Ware a 
metbed of rt«Jng a dm 
tbermy knife for pfcre 
ing tbe adera prerioua 
to tbe remnr^ of a 
foreign body in the 
Titrecroi or retina. 
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CHAPTER LXXV 


SUBTROPICAL SUHOEBY 
AU(EBI0 HEPATITIB 

A iKEBlC infection of the bvor bj tbo portal ^em is ft common 
complication of ftincDbrnslfl Hepatitis rosnlts and suppumtion is 
Jmblo to follow if the virulence of the infection overcomes the 
rceiatanpo of the patient If an amoobio abscess de\elop8 supemdded 
infection by other orgnnlsma w apt to occur 

Acute hepatitii is common!) ushered in bj a ngor associated with 
abdominal pain remittent fever and onlargoment of the hvor which is 
tender on palpation The condiHon is of snrgicail importance in that 
suppttration la liable to supervene after a variable interval of onh a few 
days to many months In tho majoritj of cases conflnnatorj ondeiico la 
obtained by the examination of the stools which are found to contain 
entamenba lustol^'tica 

Amcablo hepatitis usually responds to a courao of omotme cotnbmed with 
appropnate diet and nursing Emetlno la one of foinr alkaloids contained 
in ipecaonanba and is tho only one which posaeasee definite therapeutic 
propertlee The usual dose is I gr daily injected intramusoularlv for 
a period of twelve days Asthenia cardiac uregulanty and mental 
depression may necessitate diminution of dosage or curtailment of the 
course Emetine bismuth iodide (EJ5 I ) la sometimes preferred to emetine 
and can be given by the mouth m doses up to 3 gr a da) for ten or 
twrive days It should be contained in a hard gelatin capsule and given at 
night when the stomach is empty Aasooiated colitia is best treated bt 
combined E B I at mght and > atron (syn Quinoxtl) retention enemata by 
day After e, proUnuiuvry wash out for which 2 per cent sodium bicarbonate 
IB used 200 c c of 2^ per cent Yatren is mtroduced mto the bowel and 
this should be retained for a penod of between four and eight hours 

Acute hepatitis must be distinguiabed from such conditions at malana 
acute cholect'Btitis tj'phold fever and basal pleurisy or pneumoma Con 
sideration of the Mstorj ohnical examination and blood tests all assist m 
forming an accurate diagnosis If doubt exists as to whether suppuration 
hat actually oocurred and if symptoms are sufllciently severe to warrant 
such a pTOO^uro needling of the hver at described sul»equently tliould bo 
undertaken It is Temarkablo how some case* of hepatitis resolve after tbit 
minor operatiom oven though no pua is discovered This phenomenon is 
perhape analogous to the good reaulta often obtamed after laparotomy in 
cates of ascitic tuberculous pentomtis 

Hepatic absosxs usually develops within a few weeks of au attack of 
96 800 



870 SUKGICAL DISEASES ENCOUNTERED IN SUBTIIOPTCAL COUNTRIES 


amojbic dysentery, but its piesencc should always be suspected when a 
patient, who has pieviously sulTcied from amoebic dysentery, presents 
himself with a vague p^wexial illness (]<’ig 820) The more common 

symptoms include asthenia, anorexia, wasting, sweating and pain, 
commonly lefei led to the light shoulder owing to nutation of the diaphragm 

'J''he jratient often exhibits a 
sallow or “ muddy ” com- 
])lexion, and some degree of 
pyrexia is usually evident, 
but a curious feature is that 
the pulse rate is commonly 
relatively slow m proportion 
to the temjreiatuie Hepatic 
enlargement can usually be 
detected either downward, 
111 which case the hvei is 
jralpable below the costal 
margin, laterally, as indi- 
cated b}’^ bulging of the 
lower libs on the right side, 
or upwards In the latter case compression of the lung results m dullness 
on peicussion, and diminished breath sounds on auscultation In any case 
pain IS usually in evidence if the lower chest wall is subjected to bimanual 
compi cssion 

A sympathetic pleural olTusion is occasionally of sufficient size to allow 
of clinical recognition, or m some cases evidence of pleural irritation suggests 
some subjihiemc mnauimation 

Blood examination often supplies valuable information, and a relative 
increase in the peiccntage of polymoiphonucleai cells is of assistance in 
distinguishing between simple and suppuiative hepatitis An illustration 
of the value of a dilTeiential cytological examination concerns a jiatient 
who was admitted to hospital with an enlaiged and tender liver, slight fever 
and diarrhoea The total wliite cell count was 18,500 per co, but oiil}'' 
GO jier cent were polymoiphonuclear A diagnosis of d^'^seiiteric hejiatitis 
was made, and the condition subsided undei a suitable diet and emetine 
injections 

Radiogiaphic examination is a valuable aid to diagnosis in doubtful 
cases (Fig 827) Tliiee points arc of assistance m confiimnig the jnesence 
of a livei abscess — 
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Typu al dial t of a patient finfrciiiig from an amuohic abscess 

] , Emetine, 1 gr , o, Ojioral ion Qiiinmo, .10 gr , ^\ ns 
given on 7th and 8tli .lime Wood film examined for 
malaria on Otli lime, and lilood cultiiro for enteric gi on ji 
on 12th .luno , both ga\o negatixo roBults 
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] Inciease in the size of the liver nr an njiward direction 
2 Limitation of movement of the diaphragm, thenoimal in oxcnision 
IS reduced to \ m oi less 

8 (Idle normal dome-shaped convexity is sometimes distorted bj’’ a 
bulge which represents a pointing abscess 

Treatment — Amoebic hepatitis is the piccursor of a liver abscess, and 
suppuiation is doubtless prevented m many instances b}^ the exhibition 
of emetine or E B I , togethci with confinement to bed and suitable diet 
iSuppuiation is to bo suspected if the tempeiatiue continues to oscillate. 
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HITBTUOIICAI SUROl K\ 

nntl if licufttic cnlar^ccincnt pcmisti* Blowl oxnminntion maj Bupiwrt tlio 
ftiwpJcion (Imt piw f» present niwf «« nJrcnd^ mentioned nn \ ra> ib 
frequenth (lingiio«tio Tlio final e^urt of appeal is tlio nsplratiiig needle 
A fern da>'8 (lcla^ 

]inor to nsplmtlon 
during \rliioli iwnod 
the patient is under 
treatment is liciic 
ficial pro\IdIng that 
his condition is not 
dctonomtlng Hie 
emetine mlscfl the re 
ufatanco to infection 
and cncoumgcs local 
iiation of the pus 
Moreo\or hoimtitis 
liogms to rcsoUo and 
tlio li\cr liecomcs less 
congc#ite<l and frialdo 
and needling is there 
fore less liable to 
enuso luchiorrliago or 
trauma to the organ 
Aspirattox of a 
User nliHocss is liest 
conducted under 
enpan or gas and 
oxjgon aiitcathwua ‘ If tiio surgeon could lio confident of rcfiching nn 
abscess tliroiigli one jmnctnro then local antestlicsia would bo ideal but 
eomnioiilj more than one puiicturo is ncccasar^ and frequent infiltrations 
of no\ocain aro twlions and trying for tlio nvomgo patient Aspiration is 
wraotimes tlio last lesort in dlstmgnisliing between nn omjijoma and a 
hubplironic abscoas Tii tlio latter case when pus is dlscoNorod the nee<lle 
has of noccssitj ixinotmtcKl the diaplimgm the mo\cinontfl of wliicli are 
condijotw! totlionowllo winch coiiftcquontlj moves npwanls And dowmwnnls 
with each rcsplmtorj excursion 

Aspiration of a snspoctocl liver abscoas requires a largo boro ncc<lle 
(No 0 boro) ns tho pus Is usually thick and viscid osjxjcmlly If tlio nlwcofis 
or abscesses are sulmcuto mtlicr than chronic or small in size ]n ono ease 
under tlio author n caro pus was oonfldontly oxj>octc<l and ton jnmeturos 
failed to reveal an niisccsB although flakos of lyinpli were suokwl into tho 
s_)Tjngo As tlio hvor was also enlarged downwards a laparotomj was 
pcrfonnc<l ond two aljsccsses on the under surface of the liver were drained 
ilio iMitlont (Hod tlio following daj and at necropsy it was found that there 
were four abscesses in tho loft lobo and thirteen In tho right lobo Tlio 
nccdlo was of wido boro but piis in tho alisccsscs was thick and gelatinous 
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amwbic d^'/xnt^ry, but it*- preM^nce f-bouJd alv.a;\f be suspected v. ben a 
patient, v.bo hab previously suffered from ammbic dysenter\'. presents 
himself v.itb a vague pyrexial illness (J'lg, 820), 'J'he more common 
symptoms include as-thenia. anorexia, wasting, sweating and pain, 
commonly referred to the right shoulder owing to irrigation of the diaphragm. 

The patient often exhibit a 
sallow or ' mudd^' " com- 
plexion and some degree of 
pyrexia is usually evident 
but a curious feature h- that 
the poise rate is commonly 
relatively slow in proportion 
to the temperature. Hepatic 
enlargement can usually be 
detected either downward 
in which case the liver is 
palpable below the coital 
margin laterally, as indi- 
cated by bulging of the 
low'er ribs on the right side 
or up^aidr. In the latter ease compression of the lung results in dullness 
on pereus-ion, and diminished breath sounds on auscultation In any ease 
pain is mually in evidence if the lower chest wall is subjected to bimanual 
compiession, 

A sympathetic pleural effusion is occasionally of sufficient size to allow 
of clinical recognition, or in some cases e^idence of pleural initation suggests 
some subphrenie inflammation, 

liloofj (iy/j7nxo/ji{or> often supplies valuable information, and a relative 
increase in the peicxntage of poh'raorphonuclear ceUs is of assistance in 
dis-tinjruishing bet”.een simple and suppurative hepatitis. An illustration 
of the value of a differential ontological examination concerns a patient 
who was admitted to hospital with an enlarged and tender hver, slight fever 
and dianhcea, d he total white cell count was 18,700 per c c„ but only 
00 per cent, were poh morphonuclear, A diagnosis of dnsenteric hepatitis 
'.''as made, and the condition subsided under a suitable diet and emetine 
injc-tions, 

Rfsfixo'jrajthic ‘'/j'/jiaivafioa is a vahiable aid to diagnosis in doubtful 
c:a.'res (Ficr, 827), Three points are of assistance in confirming the presence 
c;f a li'. c;r abr-ces’' — 

1, Inciease in the size of the liver in an upward direction, 

2, Limita'fion of movement of the diaphragm the normal 1 j in, excursion 

is reduced to ^ in, oi le^s, 

7, d'he normal dome-shaped convexity is sometimes distorted by a 
buijie which represents a pointing abscess.. 

Treatment^ — Ammbic hepatitr- is the precuisoi of a livei absce'-s and 
-uppuiation is doubtles- pi evented in many instances b\ the exhibition 
of emetine o; E,]i,f, together with confinement to bed and suitable diet, 

buppuiatjon ft to be suspected if the temjxiratuie continues to oscillate 
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SUBTROPICAL SCEOERl 

niptOTCs an\ mtmbopatio septa that might interfere with dmmnge A 
rubber drainage tube is inserted and meticulous care is observed during 
subsequent dressings so os to ovoid the advent of superadded infection 

Laleml roule — Preliminary aspiration is ndnsable so that the exact 
site of the abscess can be discovered When pus is withdrawn the needle 
is allotted to remain t« si/« as it forms a valuable guide to the abscess 
About 2 in of tbo nb below the needle is excised and in praoticaiU all 
cases the panetal pleura is adherent to the pleura which covers the diaphragm 
so that suture of the ttt*o layers of ploiim is unnecessary The diaphragm is 
juciserl ocross tho muscular fibres so that retraction occurs and drainage 
is therefore miJiampcred Either emus forceps or a finger is passed along 
the needle into the abscess and gentle digital exploration investigates for 
tho possibilitj of anj loculi A drainage tube is then inserted and stitched 
to the akin and if considore<l advisable tho tube is connected to a suction 


apparatus 

Poilenor routt — If clinical and radiological evidence suggest that the 
al>sce«s is m the lower and postenor part of the right lobe postenor drainage 
should bo attempted The Incision Is made over the area of maximum 
fwelhng or cedema which is nsuall^ immediately betow the twelfth nh 
It is often an advantage to excise the rib subpenosteaU^ especially if tho 
rib reaches farther forwards than the postenor axillary line If the abscess 
docs not present itself aspiration of the liver is necessary and when pua i« 
locateil drainage i obtained by tbe most dependent route 

Bupture of au abscess is tbo most likel> tenumation in coses which are 
undiagnosed or untreated Tbe more common 
situations in which on ebsceas ruptures aro 
depicted In Tig 828 In addition the infenor 
vena cava and portal veins have been eroded 
with fatal results and pus has also been 
discharged into the bibarv passages and jielvis 
of the right kidnej 

Rupture of on abscess occurs most coni 
monlv mto the lung or more correctly mto a 
brancli of the nght bronchus Tho sequence of 
fl}Tnptoms is as folIOTcs pom In the slioiUdor 
owing to untation of the diaphragm a drj 
persistent cough following involvement of the 
pleura and finally the expectoration of pus 
Sndden mptuie of a la^ ahscees may area liv„ 

proouce suHocamon in suspected caaes a m*j- bnnt. uivrc^) 

radiograph occasionally reveals an abscess 



which distorts the dome of the diaphragm Tlie expectoration of pus 
renders tho diagnoas obvious and moat cases subside in a satisfactorv 
manner under suitable treatment Rupture into a hollow viscuj results In 
the pus being wther vomited or passed per rectum in either case spontaneous 
is likely Occasionally an abscess bursts into the pentoneel cantv 
wltii all the features of a sudden abdominal catastrophe As soon as the 
condition of the patient permits the abdomen is opened pus mopped out 
and dramago instituted but the prognosis is serious 
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and presumably too thick to flow, for it is improbable that with so many 
abscesses present one or more were not tapped 

The needle, which is giaduated at inteivals of half an inch, should not 
be introduced to a greater depth than 4 in (or 3^ in m a thin patient), 
otheruose the inferior vena cava or the portal vein maj^ be reached The 
needle is connected with a Potain’s aspirator or a Record sjuinge, and is 
first introduced in the ninth right intercostal space in the anterior axiUarv 
hne The needle is directed backwards and slightly upwards, so that it 
passes towards the dome of the right lobe Suction is apphed at intervals, 
and in the absence of pus a drop or two of blood is usually obtained If 
the needle appears to be blocked, a stilette is passed along it so as to cleai 
it of liver d6bns If pus is not discovered, the needle is Withdrawn and 
reinserted through the space above, t e , the eighth intercostal space If 
the result is negative, aspiration is performed through the mnth and eighth 
spaces in the mid-axfllar}'- hne and finally through the spaces in the posterior 
axillary line, bearing in mind that the more posteriorallj’^ the needle is inserted 
the shorter is the distance to the large veins Lateral movements of the 
needle during aspuation are to be deprecated, as trauma to the liver is 
thereby encouraged, and, should an intrahepatic vein be impaled on the 
point of the needle, damage to the vein wall, and consequent extravasation 
of blood, are liable to occur 

When pus is discovered aspiration is proceeded with until the cavity 
is emptied A useful manoeuvre is to mject an occasional syrmgeful of 
quinme bihydrochloride solution (a drachm to a pmt), which not only helps 
to liquefy the pus, but which is also a powerful amcebicide Aspiration 
should be conducted m a leisurely manner, so that the walls of the cavity are 
encouraged to collapse gradually, and m order to enable displaced viscera 
to regam slowly their more normal situations Moreover, sudden decom- 
pression of an abscess encourages capillary oozmg from the waU of the 
cavity Typical pus is classically described as resembhng anchovy sauce, 
but obvious modifications, both as regards colour and consistency, are 
common A second, or even more aspirations are sometimes requued, and 
the pus obtamed should be exammed by a bacteriologist m order that super- 
added infection can be recognized Amoebae are more likety to be found in 
pus which IS obtained towards the end of the aspiration Pus from the 
centre of the abscess is commonly sterile, but as the abscess collapses amoebai 
seem to be squeezed out of the waU, and are usually to be found in the last 
ounce or so of pus 

Open operation and drainage is required if nuxed infection occurs, 
or if the abscess is m relation to the anterior abdommal waU Also it is 
occasionally necessary to explore the hver when a suspected abscess is not 
discovered by needhng and aspiration Exploration of the liver is conducted 
by the anterior, lateral or posterior routes 

Anterioi route — ^The abscess is usually visible or palpable beneath the 
anterior abdommal panetes, which probably form part of the wall of the 
abscess An mcision is made over the most prominent part of the swelhng, 
and the fibres of the rectus muscle are split Displacement of the muscle 
mterferes with dramage The abscess is opened and adhesions to surrounding 
organs are respected The cavit 3 ’^ is explored with a cautious finger which 



SUBTROPICAL ftUROERA 873 

rnpturea on\ mtnihopotic wpta tliat might interfere with drainage A 
rubber drainage tube is inserted and meticulous care is observed during 
subsequent drcasinga so as to avoid tlio advent of superadded infection 

Lateral route — Prchminarj aspiration is advisable so that the exact 
site of the abscess can bo discovered Wlieii pus is withdrawn the needle 
IS allowed to remain i« siln as it forms a valuable guide to the abscess 
About 2 in of the rib below the needle is excised and in practicallv all 
cases the panetal ploum is adherent to the pleura wliidi covers the diaphragm 
so that fluturo of the two layers of pleura is nnneccasary The diaphragm is 
incisetl across the muscular fibres so that retraction occurs and drnmage 
in therefore unhampered Eitlier einua forceps or a finger is passed along 
the noedJo into the abscess and gentle digital explomhon investigates for 
the possibiht\ of an} loculi A dminogo tube is then Inserted and stitched 
to the sWn and if conaidere<l advisable tlie tnbe is connected to a suction 
apparatus 

Posterior route — If chnical and rndiologicnl evidence suggest that the 
abscess is m the lower and poatenor part of the right lobe posterior drainage 
shoald bo attempted The incision is made over the orea of maximnni 
swelUnc or oedema vihich is usually Immediately below the twelflli nb 
It is often an advantage to oxetso the nb subpenostoaDy especially if the 
nb reaches farther forwards than the postenor axiJIarj hue If the abscess 
does not present Itself aspiration of the liver is necessary and when pus i« 
located drainage i obtainc<l b> the moat dependent route 

fiaptore of an abscess is the most Ukoly temunation in cases which are 
undiagnosed or untreAted Tlio more common 
situations in which an abscess ruptures are 
depicted m Fig 828 In addition the inferior 
vena cava and portal veins have been eroded 
with fatal results and pus has also been 
discharged mto the billan passages and pelvis 
of the nght kidnev 

Rupture of an nbscees occurs most com 
monh into the lung or more correctly into a 
branch of the nght bronchus The soquence of 
sjTnptoms is os follows pain in the shoulder 
ovniig to imtatlon of the diaphrogm a dry 
persistent cough following involvement of the 
pleura and finally the expectoration of pus 
Sudden rupture of a largo abscess may even 
produce suffocation. Ri suspected cases a 
radiograpli occasionally reveals an abacosa 
whicli distorts the dome of the diaphragm ^ 

renders the dlagnoeis obvious and most eases subside in a aatisfactorv 
^tiner under suitable treatment Rupture into a hollow viaoufl roeults m 

e p^ ^Ing Cither vomited or pasaed per rectum m either case spontaneous 
Occasionally an absew bursts into the pentoneal cavitv 
^ jui ^ ^ fcaturee of a sudden abdominal catastrophe As soon as the 
CO nlon of the patient permits the abdomen is opened pus mopped out 
and dramitge instituted but the prognosis is senous 
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and presumably too thick to flow, for it is improbable that with so many 
abscesses present one or more were not tapped 

The needle, which is graduated at intervals of half an inch, should not 
be introduced to a greater depth than 4 in (or 3^ in m a thm patient), 
otherwise the inferior vena cava or the portal vein may be reached The 
needle is connected with a Potain’s aspirator or a Record sjo’mge, and is 
flrst introduced m the ninth nght intercostal space m the anterior axiUar}'^ 
hne The needle is directed backwards and shghtly upwards, so that it 
passes towards the dome of the nght lobe Suction is applied at intervals, 
and in the absence of pus a drop or two of blood is usually obtained If 
the needle appears to be blocked, a stilette is passed along it so as to clear 
it of liver debris If pus is not discovered, the needle is Withdrawn and 
reinserted through the space above, ^ e , the eighth intercostal space If 
the result is negative, aspiration is performed through the ninth and eighth 
spaces in the mid-axillary line and finally through the S 2 )aces in the postenor 
axillar}^ hne, beanng m mind that the more posteriorally the needle is inserted 
the shorter is the distance to the large vems Lateral movements of the 
needle dunng aspiration are to be deprecated, as trauma to the liver is 
thereby encouraged, and, should an intrahepatic vein be impaled on the 
point of the needle, damage to the vein wall, and consequent extravasation 
of blood, are liable to occur 

When pus is discovered aspiration is proceeded with until the cavity 
IS emptied A useful manoiuvre is to mject an occasional synngeful of 
quinine bihydrochlonde solution (a drachm to a pint), which not only helps 
to liquefy the pus, but which is also a powerful amcebicide Aspiration 
should be conducted m a leisurely manner, so that the walls of the cavity are 
encouraged to coUapse gradually, and m order to enable displaced viscera 
to regam slowly their more normal situations Moreover, sudden decom- 
pression of an abscess encourages capillary oozmg from the waU of the 
cavity Typical pus is classically described as resembhng anchovy sauce, 
but obvious modifications, both as regards colour and consistency, are 
common A second, or even more aspirations are sometimes required, and 
the pus obtained should be exammed by a bacteriologist m order that super- 
added infection can be recognized Amoebae are more likely to be found in 
pus which IS obtamed towards the end of the aspiration Pus from the 
centre of the abscess is commonly stenle, but as the abscess collapses amcebai 
seem to be squeezed out of the wall, and are usually to be found m the last 
ounce or so of pus 

Open operation and drainage is required if mixed infection occurs, 
or if the abscess is m relation to the anterior abdominal waU Also it is 
occasional^ necessary to explore the liver when a suspected abscess is not 
discovered by needhng and aspiration Exploration of the liver is conducted 
bj’^ the anterior, lateral or postenor routes 

Anterior route — The abscess is usually visible or palpable beneath the 
anterior abdommal panetes, which probably form part of the wall of the 
abscess An incision is made over the most promment part of the swelhng, 
and the fibres of the rectus muscle are split Displacement of the muscle 
mterferes with dramage The abscess is opened and adhesions to surrounding 
organs are respected The cavitj'^ is explored with a cautious finger which 
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factors As already mentioned sinnll nbaccsacs probnbh absorb under 
the influence of onictino or poRSiblj wthoiit it 

X ndor modem treatment a single abscess m the absence of sccondarj 
infection and witUm reach of aspiration carries Httle risk provided that the 
general condition of the patient la sntisfnctorv 

IX OTHER ‘HTuations — ^The liver is a ^e^} efficient filter and 
It 18 uniunml for amcebre to enter the svatcmic circulation ^\^len such an 
event does occur it is pownblo for amoibic abscesses to develop in vanous 
parts of the bodj but for some reason the brain and epldld^^m8 are 
particulaiii susceptible 


BAcoiAiiT DYnanEaY 

IkfilhjT dj*pntm- li «. It N common In trojuc*! countri^ It CrMwaitiT 

occm In Mblroplf*! dhtricti tod occ»^on*Ilr epidemlcn In temperste root*. Tbc two 

bodlil Bsainlj rr'powlblc for tbo dW««) ncrc dr«>TWcd rc^nrctirclr b» Shlg» In 1807 and TTen>cr 
In lOOO. Pramri ■ bacfllai h a W' pallxicrtifci member of In *ame- jtronp and can^ cpldemk* of 
Dujid djaentery in tempr^tc rllmatc>t, Tho laboraloiT- dWlnctkaii betacen tbe*e Tariom baeflU 
arc brj«id the acopo of thli cimptcr Shlfiaa bacilhn In rr^potulblc for tbc moat aBTcre cQnlea! 
manifest at lam of baciDarj- dvaentety Lot mixed Infcrtloni commordr oemr 

Bacfllarj dj-sentorj mainlj affects tbo largo bowel from the ngmoid 
colon to tbo anal canal In Its most acute form the course of the disease 


resembles that of cholera Aciito toxiemia witli incessant passage of waterj 
or blood-stained stools torminatoe fatally after nn illnoss of onlj two or 
throe daj’B dorntioa Xloro commonly the disease is pnrtmllt controlled 
but it relapses on the slightest or even no apparent provocation Tlie 
diagnosis of bacillary dvsontcrj can nsuallj bo confirmed m tbo laboratory 
but m chronic cases signioidoscopic exonunatioD is valuable Small ndgW 
of granulation tissue with local patches of lu jwnrmia are verj suggestive 
Hedloal treatment compnscs confinement to bed anline apenente sedative 
mixtures containing belladonna and opium to reUevc tenesmua a tmitable 
diet composed mainly of onsilv digestible protein and anti-dj'Bentone aonmi 
whiclus onlj efhcaeiouB in the acute etoges of the dwease Xlajor A C King 
FR CK 18 of the opimon that oliloretono m dosee of i> gr repeated aa 
necetssari acts as a siK-ciflo m relieving the nciite discomfort associated with 
tenesmus In aevere coses serum (40 c c or more) diluted with sahne is 


injectetl mtravcnouslj otherwiso tho intramuscular route is omplojcd Tlie 
least uncomfortable site for nn intramuscular Injection of small or moderate 
bulk IS mto the vastus extormis musole which locahty is imaffootcd bj 
respiratory movements or bj movements of the upper limb (restriction of 
which 18 BO irksomo to a bednddem patient) and the site of the injection is 
free from preesure Colonic lavage is valuable m many cnaoe aalme (1 ui 40) 
eosol (half strength) and silver mtmte (I In 150) are commonly used 

SuTcical treatment should be imdertaLcn when it is apparent that tlie 
patient is imhkely to respond to medical measures The objects of surgical 
treatment are to permit of more efficient lavage and to pronde re«t for the 
Inflamwl gut Three surgical mcoHurea are available — appendicostomv 
crecostomj and ileoetomy 

^rEXoicosTOMT Is the sunplest method provided that the aprxmdii 
is adequate in length and not fibrosetl Tho organ Is exposed through a 
^iron inoirion and the crooum is sutured to the panetes so thatthe 
distal Jiart of the appendix project# through the woimd The veesols in 
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External rupture is preceded by a local sweUing over -wliicli the parietes 
eventually become tender and oedematous Finally, fluctuation is apparent, 
and rupture is then not far distant In the early stages treatment by 
aspiration is the method of choice, but when the parietes form part of the 
abscess waU incision and drainage is necessar}'^ The commonest situation 
for an abscess to present itself is imder the nght costal margm, and the 
condition may be mdistmguishable from an empjT^ema of the gaU-bladder 
Prognosis — The foUovang factors must be taken mto consideration when 
reviewing the prognosis of a hver abscess 

Acuteness oe the attach — ^Hepatic infection winch occurs concurrently 
with or soon after an attack of amoebic dysentery is more virulent, and 
more hable to result in multijile abscesses, than infection which is delayed 
or which IS associated with chrome dysenterj’’ Hepatic suppmation 
occasionally develops Withm a very short time of infection In a case under 
the writer’s care a man of twenty-three arrived in the tropics from England, 
and there was no occasion to suspect any dj'^sentenc mfection while on the 
voyage He developed amoebic dysentery within a few days of his arrival, 
and m less than four weeks a pmt of pus, from which amoebae were recovered, 
M’^as evacuated from his hver Fortunatelj’^ only one abscess was present 
(unless smaller ones absorbed), and he recovered with the assistance of emetine 
Resistance of the patient — ^Alcohohc patients appear to be more 
prone to abscess of the hver than more temperate people While a reasonable 
amount of alcohol after sundown is beneficial to most tropical dwellers, an 
excess is hable to lower the r&sistance of the patient in general, and that of 
Ins hver in particular 

In addition to resistance of the individual, the circumstances under 
which a commumty hves must be taken into consideration For example, 
during the campaign m Mesopotamia heat and privation caused grave 
disabihty among British soldiers, and m thirty consecutive cases under the 
vTiter’s care the immediate mortahty was 63 3 per cent Also, although the 
survivors were evacuated, there was no guarantee that a recurrence coifld 
be excluded 

Site of infection — The most smtable place for an abscess to form is 
the centre of the right lobe of the hver Here it can be located readilj’’ with 
a needle and aspirated with safety Moreover, it is surrounded b}'^ a safety 
margin of hver tissue In proportion to the size of the two lobes of the 
liver, abscesses occur at least as frequently in the left lobe as in the right 
An abscess in the left lobe is more difficult to diagnose than one on the 
right side, and needling is a precarious imdertaking with the pericardium 
above, the spleen to the left and the stomach below ' Procrastmation in 
treatment is therefore often understandable, and rehef is obtamed if the 
abscess ruptures into the stomach or colon, or presents itself beneath the 
abdommal wall — a welcome offering for the surgeon’s scalpel 

An abscess of the Spigehan lobe, unless it extends m a more favourable 
duection, is bej’^ond the reach of an aspuating needle, and is hkety to be 
fatal unless it ruptures mto a suitable organ or responds to treatment The 
only case seen by the writer caused sudden death by erosion of the inferior 
vena cava 

Early diagnosis and suitable treatment are naturally important 
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epidemic. It la MpoaaUj linblo to foUow Infection by the Shiga bnoiUna 
The comparutively late onset of tho ortlintia duftmgnishes it from serum 
reacbOM Jloreovcr Bold oiipiintcd ftoro a distondod joint will agglutinate 
the dysentery bncUlus The majority of ensea reeolve but m the worst 
matancee some degree of fibrous ankjloelB may reaidt 
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Conjunctivitis frcquentlj ocoivre in nneociation 'vrlth arthritis and m 
some cases the deeper structures of the eye are affected intis or mdo 
cyolitis Penphoral neuntis is an occasaonjal manifestation of tosio 
absorption Stenosis of the colon duo to fibrosis is apt to affect patients 
who are fortunate enough to surrivo extonslTo ulcoration 

ftlabiasis 

This disease common in tropical and subtropical conntnes is transmitted 
by the females of certain types of mosquitoes The adnlt or parent parasite 
commonly known as flleria sanguuus hominis Is found in the lymphatics of 
man Theee nematodes are long and thin and measure two or three inches 
m length The female gives birth to countless mlerofilanro about a quarter 
of a centimetre long which are found in the blood eapeoiallv at night 
Serological and mtradermal tests confirm the diagnosis in doubtful cases 

Tho surgical importance of filanasis lies In its potbological effect on the 
lymphatic sj^stem Two mom varieties of disease result l^Tuphatio vani 
and elephantiasis 

Lymphatic varti Is due to obstruction of tlie larger lymphatic vessels, 
BO that collateral lympliatlcs undergo a compensatorj dilatation The 
degree of dilatation may be enormous and rupture is prone to occur 
Thus chjlous ascites rceuHs when a distended lymphatic ruptures into the 
97 
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the mesentery are earefully preserved In cases which are not urgent the 
appendix is cut across three days later, and a catheter is passed into the 
caecum so that fluid can be introduced for the purpose of irrigation Direct 
lavage of the large bowel can thus be obtained, but as the caecum can be 
reached by injections per rectum little is gained by this procedure, except 
a more comfortable method of lavage 

C^cosTOMY IS performed by the “ ink -bottle ” method of Kadei-Senn 
A pouch of caecum is withdrawn through a gridiron exposure, and a Paul’s 
tube IS introduced between two purse-stnng sutures The caecum is sutured 
to the parietal peritoneum, and the Paul’s tube becomes loose and is removed 
about SIX days later Free lavage is easily procured through the caecostomy 
opening, but the amount of faecal drainage, and consequent mechanical rest 
to the colon, is variable Possibly this depends on the variabihty of anti- 
peristaltic movements m the ascending colon of mdividual patients 

Ileostomy is the only operation which provides the maximum degree 
of rest to the mflamed colon By this means mtestmal contents are com- 
pletely diverted, so the colonic mucosa is not mechanicall}’^ irntated by food, 
nor IS the muscle stimulated by residue m the lumen In the writer’s 
•experience ileostomy is the method of choice when surgical mterference is 
deemed to be necessary It appears that the essential need of the dysenteric 
colon IS rest, and the following case furnishes an example of this pnnciple 

A male, aged thirty six, m as admitted on 20th July as dysentery The attack began one month 
before admission, and on admission he was paasmg seyon to ten stools a day, contammg blood 
and mucus, and large numbers of entamoebai histolyticai were present In spite of medical treatment, 
his condition gradually detenoratod, and his weight slowly but regularly fell Towards the end of 
fieptember his pulse began to mcrease (110 to 120) and to become irregular, and it became obvious 
that medical treatment held out httle chance of success On 7th October caicostomy ivas performed, 
and a Paul’s tube tied m, yhicli sloughed off m five days Free dramage vas obtamed, very httle 
fcecal matter bemg passed per rectum The large mtestine was flushed tlirough tmeo a day with 
weak qmnme and eusol alternately, and the patient very soon began to improve His bowel con- 
dition was satisfactory up to the end of the third week after the operation, and he was already lookmg 
and feelmg better Unfortunatel}', at this time, dramage from the ciecostomy diminished, although 
efforts were made to keep the aperture patent by dilatation, but dramage remamed madequate, 
there being less and less discharge from the fistula The patient’s condition began to deteriorate 
rapidly, diarrhoea with blood and mucus retummg and the pulse mcrcasmg m rate Ileostomy was 
performed five weeks after the operation for csecostomy An mcision was made I m above and to 
the mner side of the ciecostomy w ound, the dcum divided close to the caicum, the lower end closed 
and the upper end brought out through the mcision and a Paul’s tube tied m The caicostomy wound 
was allow ed to close completely, bemg Utilized for lavage as long as possible After a few days the 
Paul’s tube sloughed from the ileostomy, and the patient’s condition rapidly improved, appetite 
and ability to take food mcreased, he put on weight, and a month after the second operation he 
sat out of bed, the first time for six months Six weeks after the operation rectal wash outs with 
sahne were returned wathont any trace of blood or mucus, and no amoeb® could be found Six weeks 
later it was deemed that the time was npe for the closure of the ileostomy An incision was made 
which encircled the ileostomy, and the bowel was dissected from the abdommal wall The ragged 
portion of gut close to the openmg was excised and closed The ileum was then united to the 
transverse colon by means of a side-to side anastomosis (Fig 829) The patient made an uneventful 
recovery 

Terminal ileostomy ^ is sometimes indicated in cases of ulcerative colitis, 
when other means fail IMany gratifymg results have been published, a 
tjqncal one being that reported by Rupert Corbett to the Royal Society of 
jMedicme (see reference) 

Complications — Arthritis, especially afiectmg larger jomts, such as the 
ankle or knee, is a common comphcation durmg convalescence m some 

’ In cases of Ueostoin\, ferri redactum, 5 (,t , t d s , has a bcneflclal Influence In preventing excoriation of 

the skin 
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gubemactJar fibres ore divided and the apemiatio corda isolated as far as 
the external abdominal nngs ao a* to permit the testicles to be placed m 
eafetj on the abdominal vaU The scrotum is then excised and hremostasis 
18 secured Flaps of the scrotal margin and skin of the thigh are then dissected 
up on either aide so as to form a pocket for each testicle and the scrotal wound 
IB closed with dependent drainage Thiersch skin grafts are then appbed to 
the penis which is covered with tuDo gras and dressed with 1 per cent 
aqueous picno acid solution It is a vnee precaution to tie in a catheter for 
a few da>*B In order to forestall retention of unne and also to prevent soiling 
of the dressing The operation ts rendered more formidable if the scrotal 
neck is wide rather than narrow end the greater the amount of skin 
which can be removed the less likelihood is there of recurrence Anv sus 
picion of post -operative mfectlon is an immediate indication for siilphonaraide 
therapy 

Elephantoasis of other regions of the bodj such as that of the arms 
vulva or breasts is treated by rest elevation pressure or excision according 
to the port affected. 

SOHISTOSOIOAHIB (8YN BILHABZI0S18) 

The parasite reepooBiblo for gemto urinary sohistoeomiasis ^ns duicovered 
by Bilhare In Cairo nlnetj j’eare ago The disease is an ancient one as ova 
have been recovered from Egyptian mummies Tlie three most important 
varieties of parasite* are S niansom which mainlv affects the lower portion 
of the bowri S birsmatobium which attacks the genito urinary tract and 
S Japonicum which is prevalent m China and Japan and not onl^ affects 
the lower intestinal tract but ab»o causes enlargement of the spleen and 
Kver which is eventually followed by cirrhosis and ascites 

The structure and life history (Rg 832) of these parasites vanes onh 
m detalL Briefly the historj of S mansom is as follows the adult 
parasites are found in the veins of the portal systeim The male which is 
about half on inch in length Is capable of partially envelopmg the female by 
infolding the lateral expansions of its body bo as to form a gyruecophono 
canal The female is rather larger than the male so that when in the male s 
embrace the antenor and postenor ends of the female protrude from the 
gyn»cophono canal (Fig 832) The paired worms travel against the blood 
stream and two ventral suckers which are situated at the ajitenor end of 
each worm enable them to adhere at intervals to the wall of the vein along 
which they travel in their journey towards the venous radicles m the boweh 
The femaie then leaves the male and depoata the ova m the smallest venule* 
The pasBivo egg is actively squeered into the lumen of the gut by contraction 
of the muscle in the bowel walh and its passage is facflitated by the lateral 
spine With which it is provided (Fig 833) and whioh is of material assistance 
as it IB forced through the layers of the gut The egg is passed m the fiecc* 
diluted with water reduced osmotic preasnre causes rupture of the 
slwlL The embryo or miracidinm thus escape* This is a cihated organism 
which seeks a fresh water *nall which is the intermediary host’ The 
mj^dium gams entrance to the snail tlunngii the onteniwe and forms 
spifocysts from which bifid tailed cercorue emerge about six weeks after 
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peritoneal cavity, or cliyluria follows the discharge of lymph into the bladder 
or a kidney 

Elephantiasis is a more important condition from the surgical aspect, 
and operative treatment can amehorate or even cure the disease m some 
parts of the body The characteristic oedema is possiblj’^ due to toxic 
irritation m addition to that caused by lymphatic obstiuction Eecurrent 
attacks of mflammation, due to superadded streptococcal infection, are of 
common occurrence Suppuration and abscess formation may result 

Elephantiasis of the legs usually ends abruptly at the level of the knee 
Enormous dimensions are sometimes attained and papillomatous outgrowths 

frequently occur on the feet Treatment con- 
sists m the early cases of elevation and pressure 
by elastic or other bandages, but relapse is to 
be expected if the patient resumes walking 
Lymphangioplasty is disappointing, and usuaUj'' 
infection of the material used in the operation 
renders subsequent removal necessar}’’ 

Kondol^on’s operation consists ni excision 
of long strips 6f deep fascia, the object bemg 
to remove the fascial barriei between the 
superficial and deep Ijunphatics so that lymph 
can return by the latter channel Excision of 
strips of skin and subcutaneous tissue, mclud- 
mg any fistulse which are the legacy of previous 
abscesses, assist in reducing the weight of the 
leg and so rendermg walking less difficult 

Elephantiasis of the scrotum causes obvious 
disabdities, which are commonly aggravated by 
recurrent attacks of inflammation Twenty 
pounds or more is a 
common weight for an 
elephantoid scrotum (Fig 
830) When physical 
discomfort and mental 
distress warrant it, surgical removal is the only treat- 
ment of avail The patient should be m bed for a week 
before the operation so that rest and elevation can assist 
m reducmg the size and vascularity of the swelhng 
Careful preparation of the skin is important, as post- 
operative infection is prone to occur and accounts for 
the majority of fatahties Spmal anaesthesia is desuable 
The position of the patient is indicated in the accom- 
panymg figure (Fig 831), wide abduction of the legs 
allows the scrotal mass to be rolled from side to side 
as cucumstances reqiure A vertical mcision is made from the symphysis 
to the aperture leading to the perns, and the latter organ is freed from 
surroundmg tissue A sound is then introduced so that the urethra can he 
identified during subsequent dissection The vertical mcision is then carried 
around the scrotum, and is deepened so as to expose the testicles. The 
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An early case of elephantiasis of 
the scrotum 



Fig 831 

Position of patient durmg 
removal of an enormous 
scrotal mass (ShortPradrce 
of Stirgerv ) 



S79 


aUSTBOPICAL SITBOEBr 

gubemacukr fibres are divided and the spennatic cords isolated a* far as 
the external abdominal rmgs so a« to permit the testicles to be placed in 
aafet^ on the abdominal wall Tho scrotum is then excised and tuemostasis 
la secured- Flnpe of the scrotal margin and akin of the thigh are then dissected 
up on. either tide so os to form a pocket for each testicle and the scrotal wound 
is closed with dependent drainage Thiersch sbn grafts are then applied to 
the which IB covered with tulle gras and dressed with 1 per cent 

aqueous picnc acid solution It is a wise precaution to tie in a catheter for 
a few days in order to forestall retention of urine and also to prevent soihng 
of the dressing The operation is rendered more formidable if the scrotal 
neck IS Wide rather than narrow and the greater the amount of eVin 
which can be removed the less hkebhood is there of recurrence An^ sns 
picvou of post-operative infi^lon isan immediate indication for suJphonamide 
therapy 

Elepliantiasis of other regions of the body such as that of the arms 
vulva or breasts la treated by rest elevation pressure or excision according 
to the part affected 

scmsTosomAsifi (sm bilhabziosis) 

The paraeate responsible for gemto-unoan schistosomiasis was discovered 
by BUharr m Cano nmetj years ago The disease is an ancient one as ora 
hare been recovered from Egyptian mummies The tliree most important 
varieties of parasitea are S manaom which mainli affects the lower portion 
of the bow^ S hssmatobium which attacks the gemto nrmaiy tract and 
S japoDicum which is prevalent m China and Japan and not onlr affects 
the lower intestinal tract but also causes enlargement of the spleen and 
Irrer which is eventuallv followed bv curboais and ascites 

The structure and life historj (Fig 832) of these parasite* vane* onK 
m detail Briefly the history of S mansom is as follows the adult 
psrasrtes are found m the veins of the portal system The male which is 
about half an inch in length is capable of partiaUv enveloping the female by 
infolding the lateral expansions of its bod^ eo as to form u gnuecophono 
canal The female is rather larger than the male so thot when in the male s 
embrace the anterior and posterior ends of the female protrude from the 
gyufficophono canal (Fig 832) The paired worms travel against the blood 
stream and' two ventral suckers, which ore situated at the anterior end of 
each worm, enable them to adhere at intervals to the wall of the vem along 
which they travel in their journey towards the venous radicles m the boweL 
The female then leaves the male and deposrta the ova in the smallest venules 
passive egg is actively squeezed mto the lumen of the gut by contraction 
of the muscle m the bowel wall and Its passage is facilrtated bv the lateral 
spuie With which rt is provided (Rg 833) and which is of material assistance 
** la forced through the layers of the gut The egg is passed in the feces 
dflafed with water reduced osmotic pressure causes rupture of the 
^ kiii, or miiucidlam thus escapes This is a ciliated organism 

wn^ seeks a fre*h water snail which is the mtermedian host The 
ratraddium gams entrance to the snail through the antenna and forms 
opuncysts from which bifid tailed cercan® emerge about six weeks after 
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the snail has been invaded The ceicaiiai are visible to the naked eye as 
they sivim in water They peiish witlnn two days unless they aie fortunate 
enough to find and penetiate the skin of a suitable mammal, such as man 
They then make their way b}'^ blood vessels or lympbatics to the liver of 
then defimtive host, where, after an inteival of about six weeks, they reach 
matuiitj’’ 



Fig 832 

Life cycle of Schistosoma hsematobium showing method of mfcction, the o\^lm, 
miracidium, the intermediate host (snail), and the ccrcana Inset is a male worm which 
has enveloped a female in the gymccophoric pore (II cllcomr Mmeum ) 


The life-liistory of S luEmatobium is similar, but the parasites are somewhat 
largei than those of tlie »S mansom, and the ova possess terminal spikes 
instead of lateral ones (Fig 834) The S japonicum is the smallest of the 
members of this group, and the ova are spineless Its mam lavages are 
confined to the rectum 

The surgical manifestations of schistosomiasis depend upon tlie t3'^pe of 
parasite S liaBmatobium mainly affects the genito -urinary system and causes 
frequency and dysuna, which is followed by cystitis and haimatuna, so that 
the condition justifies the Egyptian name of endemic haimaturia Cystoscopy 
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reveaU jwlvpoid excrescence of granolation tiMue in the bladder (Fig S^'i) 
The rectum and anal canal are sometimes involved The patient eventnoU\ 
lieoomea worn out with cvstitis pen vesical nb^ceses pvelitis and loss of 




blood The characteristic ova ate found m the unne especiallv if the last 
few drachms are collected wjparatelv and examined Ova which fail to 
escape from the prostate eventualii become calcified a condition pometimes 
referred to as a sandv prostate 
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CT-to-ropic apiMrurr In bOlimrti* of the U*>Wer 

(CV rr H ryT$ ) 

S mAnsom infection results in aymptoms which foraewhat resemble 
disentery m that diarrhcea tenesmus and the passage of blood-etamed 
ffe<^ and mucus are prominent features EventuaUv poii-poid masses form 
m the ran^ of the iower bowel and amuses and fistuIiB appear m the anai 
region ITie uver £* sometimes cirrhotic 
9/ A 
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S japonicuni resembles S mansom m its clinical manifestations, but 
siilenomegaly and hepatic involvement aie more iiromment features 

The incubation peiiod of schistosomiasis varies from thiee months to 
two yeais, so sj’^mptoms may piesent themselves long aftei a patient has left 
an infected aiea 

In the majority of cases the diagnosis is chnched by the discoveiy of the 
characteiistic ovum, but if any doubt exists, oi m eaily cases befoie the 
passage of ova, a complement deviation or intiadeimal test aie valuable 
accessoiy aids to diagnosis 

Treatment — Intiavenous injection of sodium-antimony taitiate (taitar 
emetic) popularized bj'^ Christopheison, has levolutiomzed the treatment of 
schistosomiasis The piehminaiy dose is \ gr of taitar emetic in 10 c c 
of distilled water The dose is inci eased b}'^ I gr and given alternate daj^s 
up to 21 gr for each injection, and tieatment ceases when 30 gi have been 
admmistered 

Patients ivith a low hmit of toleiance to antimony develop an intiactable 
cough, which acts as a warning The dose should then be reduced, othervuse 
vomiting and cardiac depiession wiU lesult In most cases, towaids the 
end of a course of tieatment, it is wise foi the jDatient to he dovui for a few 
moments after the injection The injection is best given between meals, as 
an empty stomach discoiiiages vomiting In sensitive patients a model ate 
dose of omnopon (1 to ^ gi ), given half an houi befoie the injection, modifies 
the toxic manifestations 


Pouadm is a proprietaiy piepaiation of antimony (Baj’^er), winch can 
be given intramuscularly This simphfies tieatment, especially in childieu 


01 111 patients with small veins, and 



Fig 830 

Case of cutaneous Leishmaniasis of lupoid typo 
affecting uppci lip Tlio i\hito area is covered 
hv dry epithelial scales Cured by a few in- 
trn\ enous injections of 1 per cent tartar emetic 
Patient contracted the disease in Persia 
(linttiJi Journal of .Surgcru ) 


tlie lengtli of tieatment is shoitei than 
in the case of intiavenous taitai 
emetic Emetine, administeied eithei 
mtramusculaily oi oiaUjL gives le- 
sults neaity as diamatic as those 
obtained fioni antimony, but it is 
much more expensive 

Opeiative tieatment of schistoso- 
miasis IS conducted on geneial piin- 
ciples Thus cystostomy oi lemoval 
of vesical calculi may be requned foi 
iS haematobium infections In the case 
of S mansom, perineal fistulae oi 
abseesses aie opened, oi in seveie cases 
a colostomy is lequiied as a pieciusoi 
to medical tieatment Spleneetoni}'’ 
has been laigely superseded b}'’ efficient 
antimony theiapy 

LEISHMANIASIS 

Thiee iiniioitant tiopical diseases 
comprise the mam members of tins 


gioup They are the oriental soie, which is a cutaneous infection (Fig 
836), kala-azai or visceial leishmaniasis, and espundia, in winch the nasal 
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L(l-4)fiun Dooorui bodlr* In Lib-aiir 
(O/uM $ JJltmet,) 


and buccal raucoTia membranes 
nro affected 

The parasite of leislimnmaBis 
knoam os the Leishnian Donovan 
bod\ 18 an ovoid organism 
vonang between 2p and 4^ in 
diameter (Fig 837} 
stained b\ Leishman a method 
the appeomnee is characteristic 
Tlic chromatin maaaes one much 
larger than the other are ea8il\ 
rocogmied onclosod m a c}’to- 
plasm wliicli is bluish in colour 
Tlio parasites Inhabit cndothehal 
cells and the\ nro sometimes 
found in white corpuscles There 
IS increasing oWdence to indicate 
that the dog is tlie main reser 
\oir of this disease and fltra\ dogs should be dcstroved The organism 
IS earned from dog to dog and from dog to man bv the Phlobotomiis 
jxiniiciosus 

ORIEHTAL SORE 

Tlus cutaneous Infection is also refoirol to ns Delhi or Baghdad boil 
In the latter district it is uncommon to moot a local inhabitant who is not 
disfigured with one or more scars In the Tigris 
valley the disease becomes epidemic during the earlv 
antumn As 
sand flies are 
most rampant 
during the 
height of the 
hot season this 
suggests that 
the average in 
cnbation time is 
two or three 
months 

The lesion 
begins as an 
itching papulo 
which gradnally 
shallow ulcer 
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Dmoal kUmiAnWsk. Tbe 
p*tirat TU an Egyptian 
girt, agKi rferra jrarm. 

(D ff Jv Ortj^a) 


breaks down to form 
(Fig 838) This ulcer slowly extends 
and the discharge not infrequentK dnes 
on the surface so as to form a crust 
\fter an average lapse of aix to twelve 
months the ulcer b^ns to heal gradn 
allv and uglj or contracted scars are 
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liable to result Multiple ulcers are not uncommon especially in the 
extremities (Fig 839) 

Diagnosis is confirmed by identification of the Leishman-Donovan bodj'^ in 
serum obtamed from the ulcer Early recognition and treatment is desirable 
so as to prevent extension of the ulcer and bmit subsequent disfigurement 

General treatment consists essentially m intravenous administration of 
antimony tartrate A 2 per cent solution is commonly used, and a total 
of 15 gr IS usually adequate , other derivatives of antimony may be preferred 
(see p 882) 

Local treatment, m its simplest form, consists m cleaning the scabs and 
crusts fiom the sore with antiseptic compresses and applymg one of the 
numerous preparations which seem to give good, but variable, results The 
following preparation is strongly recommended by Manson-Bahr — 

B Cignohn gr iv 

Ichthyol gr viii 

01 Cadim TT|^xl 

Benzoh rect ad 31 

Cignohn is a refined product of chrysophamc acid The preparation is 
painted on the sore dady for a period of two to four weeks Manj'’ proprietary 
preparations are obtamable, but the very largeness of their numbers indicates 
that no specific remedy is avadable 

Surgical treatment — Excision of a sore is an excellent method of treatment, 
preluded its size and site lend themselves to this procedure Excision is 
followed by primary or secondary suture Scrapmg an ulcer 
frequently stimulates heahng, and skm grafts can be apphed 
subsequently in selected cases Carbon dioxide snow is 

efficacious in the treatment of ulcers of hrmted size and, if 
facihties exist, lomzation or X-ray therapy give good results 

KALA-AZAR (SYN TROPICAL SPLENOMEGALY) 

This disease is characterized by bouts of irregular fever, 
associated with wasting, and progressive enlargement of the 
spleen, and usually the hver In spite of fever and 
abdommal enlargement the patient is often surprisingly well 
and active In the later stages emaciation and anserma are 
severe, and haemorrhages are apt to occur, such as epistaxis 
or purpura QEdema of the legs and ascites supervene, and 
the patient graduaUj’- assumes a pecuhar greyish colour, from 
which the name of the disease (kala-azar, or “ the black 
disease ”) is derived 

The condition must be distingmshed from other forms of 
Fig 840 splenomegaly,notablysplemcan8emiaandEgyptiansplenomegaly 
Egyptian (Bilharzia mansom) (Fig 840) Cytological exanunation of the 
splenomcgalj piood reveals a leucopaema, and m severe cases agranulocytosis 
(HER tireii ) ^gygjops The diagnosis is chnched by finding Leishman- 
Donovan bodies ui splemc pulp or bone marrow, either of which are 
obtainable by pmicture Splemc puncture is performed under local anaes- 
thesia, and abdommal movements are restricted bj'- means of a binder 
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A dean dry hypodemuo needle la used and the patient instructed to liold 
hia breath when the puncture is mode A little splemc pulp is withdrawn 
mto the needle and oTpelled on to a shd© and stain^ by Leishman s metliod 
Prehminary administration of calcium is said to dimmish the nak of htemor 
rhnge Sternal puncture is considered by some authorities to be preferable 
to puncture of the spleen m that there is no nsk of Iitcmorrhago and the 
morrow is more likely to contain parasites Under local ana?sthesuv a stout 
needle with a stylet is mtroduced through the skin at the level of the angle 
of Louis and pushed obhquoly into the manubnum a bonng movement 
assists its passage through the compact la^er of bone When tins is pierced 
a syringe is attached to the needle and aspiration perfonned A simple 
method of diagnosis suggested bj Kirk Is aspiration of enlarged l^Tuphotio 
glands with a h\’podernuo needle The aspirated fluid contains parasites 
which can easilj be stained and rocognued This method of diagnosis is 
similar to that used for the B pcstls 

Vanous chemical reactions of the blood beruni from kala asnr patients 
have been desenbed butthej are not sufficieiith reliable for positive diagnosis 
in all coses 

The treatment of kola arar consists m an appropriate course of antimony 
therapy which is a specific m this disease In the absence of associated 
infection such as d^-sentery malana or tuberculosis recoven can beexpootod 
m all but ven advanced cases 


ESFUKDIA (gTK LIlfiHBlAHIASlS AMEEIOAVA) 

This manifestation of leislimamaais is prevalent in South America The 
disease mainly affects the nasal and buccal cavities which eventually become 
extensively ulcerated The Leishman Donovan bodies ore present In scrap- 
ings from the ulcers or found b} biopsy The condition responds to a 
course of antimony therapy combined with local treatment directed towards 
keeping the ulcerated surfaces as clean as possible 


ENDEUIO PUHICTJUns 

Swelling and tenderness of the spermatic cord not uncommonly occurs 
m subtropical climates and is occasionally seen m temperate tones Accord 
mg to CasteUani it is due to thrombo-phlebitis of the pampiniform plexus 
which 18 sometimes compheated by streptococcal infection The cord 
becomes enlarged rubbery m conaistonoy and painful 

Treatment is symptomatic and sulphonamidc therapj Ls worthy of 


YAWS (SYK FRAMBtEfllA) 

Spoco forbida more than a bnef reference to this infection nhich u 
nfe m Ainca and aouthem India Tlie apeciflo orgamam w the 
bpl^hajta pertenniB which la moipholorioally serologicaUy and culturally 
mdirtln^iahable from the Spirociiaila polhda The chmeal ravages canted 
bj Um two organiama are distinctive hnt both are equally susceptible to 
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the same therapeutic measures, with the exception that the oral admmis- 
tration of mercury is useless as a remedy for yaws 

Yaws IS a non-venereal disease which is extremely contagious, and 
children are commonly infected (Pig 841), either by direct contact or by 
an mtermediary fly w^ch infects a pre-existmg sore or Wound The disease 
IS not congemtal, and, as would he expected, it is particularly rife among 
those who waive personal cleanhness and elementary sanitary precautions 
The incubation period vanes between two and four weeks, and is 
accompamed with a shght elevation of temperature, malaise and vague 
pams As m the case of syphihs, the progress of the disease can be divided 
into the primary, secondary and tertiary stages 

Pnmary stage — The site of inoculation may be on any part of the body, 

particularly below the knee, or, in 
the case of nursing mothers, on 
the breast A papule appears 
which exudes a serous discharge 
This dnes to form a scab, which, 
when removed, exposes a granu- 
latmg, mdolent ulcer Regional 
lymphatic glands are enlarged and 
firm The pnmary stage lasts for 
a penod of two or three months, 
and may subside before the 
secondary stage appears 

Secondary stage — ^IMultiple 
eruptions appear, associated with 
itchmg and constitutional dis- 
turbances The itching distm- 
gmshes the condition from the 
secondary manifestation of syphi- 
hs Desquamation of the skm is a 
common feature, and, if localized, 
appears as white patches, which are 
very characteristic if seen against 
a background of dark skm The 
Wasserman reaction is nowpositive 
Tertiary stage — I/esions now occur which resemble those of tertiary 
S 3 q)hihs, except that the viscera and the eardio-vascular system are seldom 
affected Cutaneous nodules appear, which soften to form mdolent ulcers 
Periostitis IS common, and a characteristic manifestation afflicts the nasal 
processes of the superior maxillae, resultmg m enormous enlargement 
(goundou) Periarticular nodules and synovitis are of common occurrence 
Treatment — Arsemcal preparations exercise the same dramatic effect 
on the ravages of yaws as they do m the case of syphihs Treatment on a 
mass scale is, however, prohibitive, on account of the cost Fortunately, 
bismuth salts exercise almost as potent a therapeutic effect as those of 
arsemc, at a small portion of the cost Combmed treatment, t e , alternatmg 
weekly doses of intravenous neosalvarsan and mtramuscular bismuth, 3 nelds 
excellent results 



Fig 841 

Pnmary ya^^ s on the hps of an Austrahan abonguial 
child (Z)rff Basedow, bythecourttsu of Sit P Manson-Bahr ) 
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Cholera i8 an acute specific infection dne to the comma bacillus The 
organisms can only be distinguished from non pathogemc nbrioe bv 
agglutination tests Prophylactao inoculation confers immunity for a period 
of about SIX months 

The surgical importance of cholem bee In the neceesity for replemsiung 
kiss of flmd and s^ts from the circulation In addition during the stage 
of evacuation dangerous aoidoaia Is Uablo to occur which may engender 
suppression of unne and fatal urtomia The oral admimstmtion of alkah 
18 useless so intravenous administration la essential Tlie preparation 
recommended bj Rogers and Jlegaw u a solution containing 00 gr of sodium 
chloride and 100 gr of sodium bicarbonate to a pint of water In order to 
avoid decomposition of the sodium bicarbonate bj bofling it is stonlixed 
m packets of 100 gr and added to the hypertonic sodium chloride solution 
immediately before injection One pmt of this alkaline solution is followed 
bv 3 pints of hypertomc saline solution (120 gr to 1 pint to which may be 
added 4 gr of calcium cblonde which is said to stimulate the cardiac 
musculature) In collapsed patients an incision is fi^uently necessary m 
order to gam entrance to a vein, and the fluid is administered by tlie dnp 
method 

Permanganate of potash destroys the tonne in the alimentarj tract 
It is given in doses of 4 gr at intcrvnls of fifreen minutes for two hours 
and then every lialf an liour until the stools become green and loss copious 
Kaolm 18 said to absorb toxins and is administered mixed with water to 
the consistency of pomdge 
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CHA.lT’i-U L^\I 
THE STRETTCHER CASE 


I N nerial Iwmbnrtlincut nn mjurotl poreon h probabK i>onoiiHl\ woiUKlod 
and ccrtainU flufFonng from aliock To «omo of ui the wortl shock 
unpbca a state of pallid <jmet nlmort indifTeront prostration in a victiui 
Hq-w diftcrent is tho picture drawn for wa b\ Dr Truotn Raspall when 
he dcftinbca the patient shocke<I from injnnei* during air bombardraout 
08 being in o atote of complete mental alortnesa and poiwefwing an 
acknowlctlgod «onaibilit\ Thw mental state must make the sufferer 
apprehensive of an\ movement and jot tlio first handling of man\ cases 
vio with tho Punch and Jud^ Donhlo him up double him up 

‘^miphciU must bo the keniote The aemco must bo urgent and pam 
saving but above all it must l>e rondorcil confidontlv in order to establish 
in the injured and shocked victim trust that camos him or her to tho surgeon 
m no worse plight than need be 

FiouTiES 842 843 — Trained bearers work in teams of four and the 

handling is both delicate and precise Three of the bearers lift tho patient 
wliilst tho fourth places the stretcher ready under tho patient Note that the 
patient is held perfectlv straight without strain and that the fourth bearer 
supports Ins knees whilst being lowered on to the stretcher 

FiotTRE 844 — Two-bearer method— Here is a mothod whose offectivoness 
18 more knack than brawn The two bearers face each other and between 
them hes the stretclier placed near tho injured side of tho victim One 
bearer turns the patient on to lus uninjured side bt croesing tho leg on the 
injured side over its fellow and placing the arm over the chest ith one 
hand on tho shoulder and the other on the lup the patient is rolled on to his 
uninjured side and hold there ]f a leg is broken the legs ore tied together 
before this manipulation (^ote — No I bearer has stood aside to give a 
good view ) 

FiotTRE 845 — Two-besrer method — The other bearer now plaooa the 
stretcher against the back of tho patient bonds over and puts his hand 
under the shoulder King on tho ground Bj resting the potient against the 
strotchoT and allowing it to fall gontiv to the ground there la the ramiraum 
of puUnig or twisting 

FiotTBE 840 — The Fowler poiitloii — Manj cases are more comfortable in 
Fowler s position and m chest and abdominal injnnea this is the idosl 
position It IS impossible to aav how mem of the estimated two thirds 
fatalities m abdominal cases might have been saved br tho feimple 
nursing axiom Fowler s position 

Every ambolnnce iv equipped with two Bets of Gooch splinting and 
l»91 
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stretcliei-beaiei He vaguely knows of the dangei, and his hesitancy 
conveys to the victim added doubts and dreads 

Lumbar and dorsal spinal injuries — ^IMy own opinion is that cases of 
lumbar and dorsal spinal injuries are best rolled ovei on to the face, lifted 
face downvaids and placed on the sti etcher with the shouldeis laised on 
some suppoit, oi blankets 



Fro 861 


Figure 849 — Lumbar and dorsal spinal injuries — This is the wrong position 
The patient lying on his back with a blanket under him is certainly less 
comfortable than in the position shown in Fig 848, and it is a problem to 
keep him on the stretcher 

Figure 850 — Cervical region spmal injuries — These patients are best laid 
vith the support under the shoulders to hyperextend the neck, but there 
must be a steadying pad on either side of the head This is best seemed 
with a loll of Gooch splinting, as shovm 


THE STRETCHER CASE SOT 

Fioube 8'51 — This 18 the wrong method ere the bearers stagger to the 
stretcher m this position one of them mav end up on tho stretcher before 
the patient 

A omiting 18 a further problem The patient should be propped up in 
the Fowlers position and provided with a towel to collect the matenal 
vomited 

Once on the stretcher there should be a reasonable guarantee that the 
patient will remain there After a raid there ma^ be obstacles for the 
bearers and ambulance to negotiate The chances of travelling over stones 
from collapsod buildings and having to use badli sorfaced roads or bv wai’s 
demand that all sonous cases be ti^ to the stretcher 
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CHAPTER LXXVII 


WOUNDS IN NAVAL ACTION 


U XDER this comprehensive heading a diversity of mjunes must be 
considered The magnetic mine, the ]iigh-explosive shell and bomb, 
the incendiar}^ bomb and bullet, all add tlieir quota to the wounds of 
modern naval warfare At the same time, the fittings and architecture 
of a warship, when damaged, may augment or modify these mjuries Thus 
a shattered deck or bulkhead liberates fragments which cause lacerated 
wounds and compomid fractures, while burst steam-pipes are responsible 
for extensive burns and scalds Carbon-dioxide poisomng ma}^ result from 
the burstmg of a refrigeratmg plant 


The foUomng is an actual bst of mjunes siistamed recently m one of H ships ns a result of 
enemy action — 


1 Shock, concussion and oil-fuel poisonmg 

2 Contusion of chest 

3 Woimd of head , abrasion of scalp and 

chm 

4 Lacerated n ound of face 

5 Lacerated ivoimd of ivnst 

6 Bnnses buttock and thighs 

7 Concussion, lacerated wound occiput, 

haimatoma nght biceps 

8 Lacerated wound nght heel Contusion 

nght thorax 

9 Fractured cervical spme 

10 Lacerated wound abdommal v aU 

11 Lacerated scalp Concussion 

12 Contusion left shoulder Concussion 

13 Jlultiple wounds Contusion sacrum 

14 Fracture left scaphoid Compound frac- 

ture nght femur 


16 Multiple wounds, fracture coccyx 

16 Fracture 4, 6 and 6 nght nbs 

17 Laceration of penis Contusion testicle 

18 Compoimd fracture left tibia and fibula 

19 Laceration face Second degree scald 

left hand 

20 Laceration nght buttock Compound 

fracture left ankle Bum face 

21 Extensn e burn face and laceration 

22 Compound fracture nght tibia and fibula 

23 Bum face and hands Laceration face 

24 Bum face and hands Laceration scalp 

25 Bum face Laceration scalp Compound 

fracture left ankle 
20 Bum neck Fractured pelvis 

27 Lacerated iiound left thigh Compound 

fracture nght femur 


MEDICAL ORGAiaZATION 

General — The success of the treatment of casualties depends to a large 
extent on efficient prearranged orgamzation From the viewpoint of medical 
admmistration, ships are divided mto fore and after divisions, in each of 
which IS a previouslj^ selected site known respectively as the forward and 
after medical distributing station To these stations casualties are brought 
from the part of the ship concerned Urgent surgical treatment is carried 
out m the distnbutmg stations Later, casualties may receive further 
treatment at a centre known as the main treatment centre, which ma3'^ be 
located m the sick-baj^ or the wardroom Thence casualties are evacuated 
from the ship to shore treatment centres and hospital 

Owing to the possibiht}’^ of damage to the sick-baj- or distributing 
stations, it IS essential to arrange previously* for alternative treatment 
centres in v ardrooms, messes or cabins 
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Penonnel — A. percentage of the ships corapanr most be trained ns 
strotoher benrers nnd m first-eid methods UTieu a prolonged action is m 
progress or m shijis where only one medical officer in borne or in the event 
of the niwhcal personnel being caimnlhes the cnptnm mn\ approve of 
selected rosponsiblo officers being m possession of supplies of morphia 
These officers should previously have been instructed m its ndimmstmtion 

Blood donon — It is a sound practice to Imvo called for volunteers as 
blood donors These should be blood tiTXxl at the Inbomton of one of the 
naval hospitals 

Egolpment — .SrHBTcnEns— An adequate gupph of stretchers esjiecialh 



Pl(i bJi 

Ttc NrlJ Robrrt«*» rtrrtrfirf 


of tlio ^eil Uobertson pattern slionld be stored at convenient sites Jn the 
ship The Ned Robertson stretcher is most useful It is made of canvas 
reinforced inth split bamboo on the principle of Gooch 
splinting (Rg W2) It is light and strong and encloses 
the pabent {Fig 8J3) 

‘ipumj — Useful splints to have imme<hately a\ail 
able are — 

Long Liston 
Bon s]ilmt8 
Thomas knee splint 
Litler-iTones arm spUot 



First aid bones should be distnbuteil throughout 
the ship on the various mess docks in engine and bodor 
rooms on the bridge etc These boxes must contain 
tourniquets bandages hnt lodme and some bum 
dreesln^ sncli as taniuo acid jelly or nicalgine Tlie 
important consideration is that these boxes should not 
be locked but rather have a simple quick release 
mechanism wluch cannot got out of order 

Han'hrsacks filled wmi itest aid bequi'Jttes are 
allotted to each gnu s crew 

Intbavexoits sales e and olbcose — ^Flasks contain 

ing Bterde saline and glucose togethorwith the neceesary ... 

attachments readv for use should be available in Swrrrrr) 

the main treatment centre If jxwible similar ilnshs contninmn blood 
plasma should be provided. 

I^uirr HEAT cradles are easilv manufactured on boanl and severul 
should be available in the mam treatment centres 
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WOUNDS IN NAVAL ACTION 


U NDER this comprehensive heading a diversity of injuri&s must be 
considered The magnetic mme, the high-explosive shell and bomb, 
the mcendiar}'- bomb and bullet, all add their quota to the wounds of 
modem naval warfare At the same time, the fittings and architecture 
of a warship, when damaged, ma}’- augment or modify these mjunes Thus 
a shattered deck or bulkhead liberates fragments which cause lacerated 
wounds and compound fractures, while burst steam-pipes are responsible 
for extensive bums and scalds Carbon-dioxide poisonmg maj’’ result from 
the burstmg of a refrigerating plant 


The foUo'ning is an actual list of injunes sustained reccntlj in one of H j\I ships ns a result of 
enemy action — 


1 Shock, concussion and oil-fuel poisonmg 

2 Contusion of chest 

3 Wound of head , abrasion of scalp and 

chm 

4 Lacerated ^\ound of face 
6 Lacerated ound of wTist 

6 Bruises buttock and thiglis 

7 Concussion, lacerated -wound occiput, 

haimatoma nght biceps 

8 Lacerated -wound right heel Contusion 

right thorax 

9 Fractured cervical spme 

10 Lacerated -wound abdommal Mall 

11 Lacerated scalp Concussion 

12 Contusion left shoulder Concussion 

13 Slultiple -wounds Contusion sacrum 

14 Fracture left scaphoid Compound frac- 

ture nght femur 


lo Multiple wounds, fracture coccyx 
10 Fracture 4, 5 and 0 nght nbs 

17 Laceration of penis Contusion testicle 

18 Compound fracture left tibia and fibula 

19 Laceration face Second degree scald 

left hand 

20 Laceration nght buttock Compound 

fracture left ankle Bum face 

21 Extensive burn face and laceration 

22 Compoimd fracture nght tibia and fibula 

23 Bum face and hands Laceration face 

24 Bum face and hands Laceration scalp 

25 Bum face Laceration scalp Compound 

fracture left ankle 
20 Bum neck Fractured pch is 
27 Lacerated wound left thigh Compound 
fracture nght femur 


MEDICAL ORGANIZATION 

General^ — The success of the treatment of casualties depends to a large 
extent on efficient prearranged orgamzation From the viewpoint of medical 
admmistration, ships are divided mto fore and after divisions, m each of 
vhich IS a previousfy selected site knoivn respectively as the forward and 
after medical distributing station To these stations casualties are brought 
from the part of the ship concerned Urgent surgical treatment is earned 
out m the distnbuting stations Later, casualties may receive further 
treatment at a centre known as the main treatment centre, which ma}’^ be 
located in the sick-bay or the wardroom Thence casualties are evacuated 
from the ship to shore treatment centres and hospital 

Owmg to the possibihty of damage to the sick-bay or distributing 
stations it IS essential to arrange previously for alternative treatment 
centres m v ardrooms messes or cabins 
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medical officers It rwcmblea the ordinary record fljTiDge bnt is con 
Teruentl} earned in a nietal container filled with rectified apint 

After the injection the s^Tingo with needle attached is inserted into the 
spint container where it remains 8tenli«d m readiness for further use 

In these circumstances of uItm-emorgcnc\ there is 
no time to stenlue syringes and to di-^lve tablets 
For these reasons 

1 Jlorphm in solution is issued in l-oi bottles 

covered with a nibbcr cap (Fig 850) A good 
rule IS to hare the solution issued lu such 
a strength that 5 niinima-=i gr 

2 Those competent in administering the dnig are 

provided with the tFildoy pattern hv'poderniic 
svnngc 

Willie oierdose must bo avoided in general large 
doses are reqmred in naval emergency siugcn t e 
about I gr When a ven rapid effect is indicated 
1 ^"=7^ nuniras (0 5 c c ) of the solution can be 



Fm SX 

Odohdiiiko bottle of 
mrtrphl* MlatkcQ «ith 
robber c«p and Mfrtv 
pin foe ttUchlDg to tbe 
co«t 


given intravenouslj 

II ij highlt/ imporiaul that tchen on tnjeciion of morphia has been given 
a label should be affixed to the easuaUg slating the tune of the admimstration 
and the dose admxmstveil As pointi^ out on page 43 labels may become 
detached consequently it is an oxcellent pmctioo to havo orgamxed that 
some prearranged symbol should be marked sa^ on the patient s forehead 
Oompoond trtcturei — ^Tho vtoond is covered with the service field 
dreasing and os soon os possible an appropnate spbnt is applied 

Bomi and scalds — Surgeon Rear Admiral WokeJey recommends that 
the clothing should be removed or out away and the whole burnt area be 
covered with a tliick layer of gaure soaked in 1 per cent aqueous solution 
of gentian violet or 2 per cent tannio acid If these are not available 
tanme acid jelly tonnafav or nicalgme maj bo used but these cause 


more pom 


(6) QIUEDIATELY AFTER THT! ACTION 

Casualties must be removed ns qiuckly as possible to the dktnbutiug 
station where they can rest and bo away from noise and bustle The Neil 
Robertson stretcher is used, for lowering a patient from a height super 
structure or for bringing him np from the engine-room or stokehold (Fig 
857) Hot water bottles blankets and rugs should bo in readmeas 

Symptoms of shook mamfeet themselves soon after the mjury The 
patient may be confused mentally but more usually he answers questions 
rationally and appears to bo alert in mind Sometimes with rest and warmth 
improvement results 

If tbo patient can dnnl. and la not nn abdominal case bo should bo 
OTconrapd to do so Warm sweet tea is tho best To compensate for 
IcM of body sodium oblonde aU drinks should contaki half a teaspoonfiU 
of common salt to a pmt Dehydration maj be compensated for also by 
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Again it IS emphasized that the medical officei in chaige should ensure 
that his eggs are not all in one basket It is essential to dnnde up the medical 
stoies and place them at convenient sites peimitting of easy access m various 
paits of the ship This applies particular^ to supplies of moiphia and 
amesthetics Thus if one part of the ship is vnecked he Avill guard against 
the catastrophe of losing vital medical stores 


TREATMENT OP CASUALTIES 

Opportmiities for tieatment fall shaiply into tliiee categoiies — 

(a) Durmg a luU in action 

(b) Immediately after the action 

(c) More remotelj'’ aftei the action 


(a) DURING A LULL IN ACTION 

A warship in action is piimaril^'^ a floating gun-platfoim and nothmg, 
not even attention to casualties, must be alloved to interfere vuth or to 
reduce the rate of fire From the viev’pomt of fighting efficiency all 
casualties aie an encumbiance, and attention can onlj’- be devoted to them 
during a lull m, oi after, the action 

Admimstration of morphia — ^As a rule the first essential is to administer 
morphia to the womided man where he lies 

Morpluno lamella;, for oral administration, have not been found satisfactorj' U^hen a man, 
badly voundcd, is groanmg or restless vith pain, it may bo difficult to make him retam the lamellie 
m Ins mouth , in cases of mjurj' to mouth or jaw it mil bo useless Absorption from the stomach is 
vanable and unsatisfactory in severely shocked cases vith feeble circulation, hence oral admimstration 
IS unrehable 


The onty effective way of admimstermg moiphia is by injection 

The Wildey pattern of hypoderjhc 
SYRINGE IS an all-steel sjn-mge contained in a 
metal scabbard to uffiich is attached a safety- 
pin (Fig 854), so that the instrument ma}’’ be 



Fig 864 

The AVildey pattern hypo- 
dermic sjTungo and scabbard 
contamer 






® '\ 


0 



Fig 836 

Note the angle at vluch the 
Wildey synngo is attached to 
the coat 


fixed to the surgeon’s coat (Fig 855) A syrmge manufactured by Messrs 
Britton, Malcolm & Waymark Ltd , Loudon, has found favour with naval 



XA\AL \CTION 

and much judgment is ncccssnn in Bclccting ensm for more fo^nl operatioua 
It 18 iioccs«ir\ to cUaenmmate between doing too much on board and doing 
too httic For oinmplo if thoro will bo a deln\ of more than eight hours m 
evacuating the patient wounds must be ovciscd 
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Procfilurt may be summart^l thva — 

1 Localitation of casualties and npphcation of first aid 

2 Prejiarfltion of casualtloo for immediate removal to a previously 

eolccted part of the ship This mcludefl arrest of severe 
hfcmorrhage giving morphia and if necesear} apphcation of 
essential splintmg 

3 Removal of casualties e g plaoing casualties m XoU Robertson 

stretchers and carrMng them from stokeholds engme rooms etc 
A Prebmuiary exammatlon of casualties and grading them into urgent 
and non urgent cases 
3 Treetment of shock 

0 Apphcation of urgent omorgency surgery 

1 Putting into eSect arrangements for the convomnee of casualties 

from the ship to ambulances for thoir discharge to hospitals on 
shore 

IlEFERnACES 
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administering recta] saline (half a teaspoonfnl to a pint) in pint doses to 
supplement oral administiation 

Isotonic sahne and glucose may be given mtiaveiiously by drip infusion 
of about 50 diops pei minute While theie is mterfeience vutli respnation, 

or wheie theie is c^'^anosis of 
extiemities, oxygen inhalation 
IS useful 111 the tieatment of 
shock lladiant heat ciadles 
aie of pi oven value No gieat 
1 chance should be placed 
upon drugs to laise the blood 
piessure, but benzedrine (30 
mg ) 01 ephedrme (1 to 11 gi ) 
given intiamuscularly is lecom- 
ni ended by some 

When theie has been 
severe haenioiihage, blood 
tiansfusion is of inestmiable 
value Anti-tetanic and 
Pjq gg^ anti-gas-gangiene seia must 

The Ncil-Robertson stretcher m stokeholds given to all patients With 

wounds 

Type of work undertaken m the distributing station — In addition to 
the treatment of shock and htemorrhage, the rough and leady first-aid 
treatment can now be supplemented Among other constructive procedures 
the cleansing and preparation of the skin around wounds and burns can be 
undertaken with advantage This will save much time when the oppoitumty 
arrives for the patient to undergo necessary surgical treatment 

Oil-fuel — Owing to bursting of oil -pipes or penetiation of oil-tanks 
b}^ high -explosive fragments, oil-fuel is hberated, and often casualties and 
their wounds are found to be covered with it The skin suiface should be 
cleansed thoroughly with cotton-waste, and then swabbed over freelv with 
spirit, or ether soap 

Anesthetics — For application and adjustment of sphnts, evijian or 
pentothal are excellent Chloroform is also useful as an emeigency 
amesthetic, but when shock is in evidence ether is preferable 

In general, operations should not be carried out while symptoms of 
shock persist This, of course, does not applj'- to such life-savmg measures 
as the arrest of haemorrhage Intestme prolapsed tlirough an abdominal 
wound should be covered with sterile gauze vTung out in waini saline , 
no attempt should be made to return it to the abdominal cavitj^ Such a 
case must wait until a laparotomy can be performed under more favouiable 
circumstances in the mam treatment centre (Fig 858) 

(c) MORE REMOTELY AFTER THE ACTION 

As a general rule it is better that only essential surgical treatment should 
be carried out m the ship, and, at the earhest possible opportunit}’-, both 
for psychological and surgical reasons, the patient should be evacuated to 
a hospital ashore or to a hospital ship Of course, this is not always possible. 
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ambtilance la dividctl into n heftdquartcre and two compaiuea A heiid 
quarter* l» dlvioble into a main drcsains Btation and a wction wliicb TOa\ 
bo detached to operate on its own Kach company is divisible into three 
sections each of iihich ma\ operate independently This means that seven 
sections raai be evacuating to the main dressing station separately or tiro 
three or more maj bo operating togotlKJrand the others separatol} or some 
mai be m reserve readi to proceed forwjtrd in an advance or to open up in the 
rear m cose of n withdrawal In the East African campaign with the verv 
long lines of commumcation the field ambulances not onl\ collected the 
casualties but aith the addition of surgical teams the> also formed casualty 
clearing stations and treated cases in the divisional areas to finality onlv 
those cases who could stand long joumevs b\ ambulance cars being sent 
liack to the base In France aitJi q succession of nithdrawals the field 
ambulancea m mani instancca liad to act as clearing stations and to hold their 
cawa till arrangements could bo raado to evacuate patients direct to liospital 

(c) Motor ambuUnce convoy (BLA.0 ) — Tins is a mwlical transport umt 
though tbo medical staff is supplemented with officers and men of the 
RA.aNC It 18 utUiied for oleanng the sick and wounded from field 
ambulances to cMualt) clennng btations and from casualty clearing stations 
to ambulance trams 

{(i) 0«ualty cletiing ttation (0 0 8 ) — A casualty clearing station is a 
i^rai mobile unit dcsagnc<l to receive sick and wounded from field ambulances 
and also direct from troops in tlio vianit\ 

Full surgical treatment of wounded can bo earned out here In addition 
the casualt\ cleanng station can form one or more aurgicfil teams for lending 
to otlier formations or can hare surgical teams added to it 

Dnnng qiuet penods a certain number of patients who are hkol} to )>© 
fit for duts m a fortnight ma\ Im> retained for treatment in the cnaualti 
cl«uring station In active opcrationa tlio wounded am^e m such numbers 
that the bulk of them must be evacuated at the first opportunitj 

The casualty cleanng station ts orgauued so that a h^t section may be 
detached to work b> itself or tbe section maj go forward and start taking 
in casualties until the heaw section arrives later and completes the unit 
(c) Ambulance trains — Although pnraarili transport units permanent 
ambulance trains are staffed and equipped to provide food and treatment 
donng the joumev Ths provisioa of these trams depends on the distance 
of the operations from the base 

(/) General hospltali—Tiiese umte of IDO 200 000 and 1 fOO beds are 
fullj equipped and can afford treatment for anj land of disability Isorraallr 
tbev ere located on the lines of commumcation and at the base and are 
grouped together Thoee at the baac are grouped near a port for eas\ 
transfer of cassa to hospital ships 

Tbe lOO-bcd hospital is mobile and can be moved entirely m its own 
vehicles from place to place 

General hospitals are capable of sending up surgical teams to casualti 
clean^ Htation* or field ambulances when necesaan aud when mani 
casualtiee are being attended to in one place 

(q) OouTaleicent depots — When a soldier baa recovcrerl from his wounds 



CHAPTER LXXVIII 


AN OUTLINE OF THE MEDICAL SERVICES OF THE 

BRITISH ARMY 

T he aims of the ]\redical iSei vices of tlie Biitisli Aimv Jiave alvays 
been the same — to maintain a Ingh standard of lieaJth and pievent 
disease , to care foi the sick and wounded , to collect and evacuate 
the casualties from the field of battle, and to prepare professional 
records deahng vath the health of the aim}'^ 

The methods b}'- which these aims aie achieved necessarilj^ change The 
medical service must keep pace Awtli all the advances of medicme and surgen^ 
and in order that the wounded and sick maj”^ get the best treatment, 
arrangements are made to bring tliem under specialists as soon as possible 
The increased rate of movement imposed on armies b}^ mechanization v hile 
diminishing the time before thorough treatment has gieatly increased the 
distance of evacuation and added manj'^ difficulties 

The task of dealmg -mth these problems may best be considered under 
the followmg headings — 

1 The organization of tlie Medical 8ei\nces 
2 The care of the soldiei 
‘i The liistoi V of a casualty 


1 ORGANIZATION OF THE MEDICAL SERVICES 

(a) Regimental medical establishment — Each battahon and correspondmg 
unit has its own Regimental ^ledical Officer (R M 0 ) In peace time and 
quiet jieriods m the field he trams the men of his imit in apphong then 
field dressmgs and lectures to tliem on first aid Under the Regimental 
^ledical Officer are stretcher-bearers detailed b}'' the unit itself, quite distinct 
from the beaiers of the field ambulance The conditions under which the 
soldiers live and sleep are closely matched The sanitation of barracks oi 
camps IS closely watched, too, and Avhen necessar^'^ the Regimental Medical 
Officer ad\nses his Commanding Officer on any matter connected Awth the 
health and fitnes^j of the men In action the Regimental Medical Officer at 
his regimental aid post attends to the vounded brought to him b}’ the 
regimental stretcher-bearers 

(b) The field ambulance — The field ambulances aie mobile umts vith a 
ver\ elastic orgamzation Iffieir primary' duty is collection of the sick and 
Avounded from the regimental aid post and their disposal in an area behind 
the fighting vdiere thcA' inaA- receiAm earlj" specialist treatment A field 
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nml \rm\ Dental Sonicca and tlioir coiiHtnnt aim is to nnprovo tho Ann\ 
■\Ie<henl ^rvicc8 and manitam tlio orgnmwition at tlio highest pitch of 
ofncienc\ 

CAKE OP THE SOLDIER 

E\-orj male Bntisli Huhjeot of mililan ago la now roqiurod to rogistor 
^nth tho Allnutn of Labour Shortl} after this ho la oallod up for inodlcal 
o^anunation Tlio OTainination la eonductod b\ a Boanl of fi\o civilian 
nKKiical pmctitlonons ^ho place him In one of four gradcfl If tho man ih in 
Grade 1 it nicana ho Is ^o^\ fit if ho la placc<l in Omdo 4 it inoaiifl that ho is 
nnflt for militan someo After thw examination ho rotuma to his omjilo} 
ment until calle<l up to a jiartioular unit for training and somco aa a aoldior 
Tho daj after Ills onllstmcnt in liia unit ho Is cxamnio<l hj tho Regimental 
ileihcal Onicer (R JI O ) who acconliiig to hia preliminary grading and tho 
R AI 0 8 own findings claaalfioe him into a J^lhtnr^ fVitogory — A B C 
D or E Categor; A moana that a man is fit for aorvneo in any area m a 
thentro of war — tliat is ho la placed in a fighting front lino category fit to 
f<;rTe at home or abroad A Category B soldlor is ono fit for omploymoiit 
on the linos of communication Iwao or garrison diitios at homo or abroad 
Category C means fit for Homo ‘wmeo onh D is foin)>omrily imfit wliilo 
E 18 pomianonth unfit This compllcatod catogoriration onsuroa that a 
soldier is omploNXKl on dutica m which his phy>dcal state will not bo unduly 
o^ ortaxod 

A month after oidlstmont tho soldier Is again o\amino<I by tho Regimental 
"Medical Officor who then has a ohnneo of rocntogorving him if nocoasary 
and enniring that tmlniiig has not brought to liglit an\ inherent woaknoes 
The Regimontal Modical Officor may raise tho category of a eoldior hut a 
"Mochciil Board of 80 \oml officors Is roquirod to place him in a lower catogorv 
Dunng tho month and following wooks tho soldier is vaccinated inocu 
latod with TA B a vaccluo which protects him against tyqihoid and para 
tyTilioids A and B and iMth totamis toxoid winch incrcascfl tho anti body 
defence of tho blood against tetanus \Vlion a man Ih dotaikHl to proceed 
to a yellow foor coimtry ho is given an inoculation against vollow fo\or 
A record of all thoeo inoculations is ontonxl up in tho soldier s pay l>ook 
a document which bo camos with him on all owaslonn 

Whilst undergoing recruit training tho soldier is soon bv tlio Regimental 
iledloal Officer at intervals and also b\ tho Dental Officor wlio makew him 
dontallv fit At the end of his roonut training lio ih again oxamlnod Iwforo 
ho goea mto tho field 

A number of infiuonoes are at work to koop tho soldier fit IIis rations 
are chosen to give him a balanced diet and tho calono values and vitamin 
content carefully watched Anny cooks now have spocial courses wi that 
tho raw footl is properly cooked Tho Hygiene Department aoc« to it tlmt 
the ftoldior is properly iioused that his rooms are capable of thoroiigli vontila 
tionu and that baths ore avallablo to ensure personal cloonlincsH Sanitation 
of camps is closely watched and in tropical countnofl stops are taken to 
ralnimuo tho dangers of mosquitoes flies and other peats 

a soldier falls wck or sustaina an injury lie is sent to a rnilltarv 
hosiiitnl or a Iiospital under tho Emergency Jlodicnl Service whore fadlitios 
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or iLhiebs he is beitei out of hospital, but is not likely to be fit for duty with 
his unit until he has had an opportunity of regaining his physical and mental 
strength, so he is sent to a convalescent depot where he is hardened by 
graduated exercise and games 

{h) Hospital ships — Hospital ships and hospital carriers convey sick and 
wounded from base ports to militarj'^ hospitals outside the theatre of 
operations 

{j ) Field hygiene sections — These units function m divisional areas, 
lines of commumcation and at the base They supervise the hygiene and 
sanitation of then aieas and plaj'^ a large part in the prevention of 
disease 

(/r) Mobile hygiene laboratories — These units are able to carr^^ out 
extensive investigations of w'^atei supplies and analyses of foods 

(l) Mobile bactenological laboratories — A mobile laboratory is usually 
located near a casualty clearing station, but it can be moved to any place 
where outbreaks of disease require investigation The mobile laboratones 
are for use in the foiward areas, each general hospital having a laboratoi^^ 
of its own 

(m) Advanced and base depots of medical stores — All the Regimental 
Medical Officers and medical units must be kept supplied wth dressings 
and drugs, broken equipment must be changed, and gas cylinders must be 
refilled This supply is carried out by the advance depots which supplj^ the 
field units, and the base depots wdnch supply hospitals and also keep up 
the stocks of the advanced depots 

(n) Transfusion units ^ — These are self-contained units winch are fitted 
with mobile lefrigerators for preserving “ whole blood,” plasma, ox serum 

In France “ whole blood ” was flown out to the base and then sent up 
to the advanced transfusion imits Avhich normallj’’ functioned with a casualty 
clearing station They could, however, be detached for use at a field 
ambulance or general hospital Each unit is m charge of a specially trained 
Transfusion Officer, who is able to assist m resuscitation wards or operating 
theatres In addition to “ whole blood,” plasma and serum are now available 
for transfusion 

(o) Mobile neurosurgical unit ^ — This unit is designed for use at a centre 
where head injuries are collected It is mobile and self-contained, and can 
be attached to a casualty clearing station or hospital in any location 

(p) In addition to the above, there are special teams for maxillo-facial 
surger}'^ and chest surgerj^ attached to hospitals especialty set aside for cases 
of that kmd 

The administration of all these medical units used in the field and all the 
hospitals and other medical estabhshments and schools for training m Great 
Britain is undertaken by the Medical Directorate at the War Office The 
head of this Directorate is the Director-General, Armj'^ Medical Services 

The Director-General is represented at the headquarters of forces in the 
field, at armjq command, corps, divisional, lines of communication areas, 
and base area headquarters 

To assist the Director-General there are Directors of Hygiene, Patholog}" 


‘ ft/aO — Ofllcpr, 1 , a A M C Onlf riles, 2, II A S (' I>rl\cr 1 

1 j-^gtah Sum SjKC , 1 Graded Sum . 1 , XeuroIoRl'*!, 1 , Anicstlictlst, 1 , G I) Olflc i r, 1 , Q A 1^1 X s , 

K \ AI ( Ordf rll( 4 , HAS! I)^^^ crs, 2 
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operative mirgon Plaster of Pans is availaWe too for tlio closed method 
of wound treatment A field transfusion unit is attached to each casualty 
clearing station v-hen it is working but this unit is self contained and can 
lie moved forward to a main dressing station or back to a general hospital 
if circumstances demand it Tins umt has supphes of wliole blood 
which raa^ lie given to the cnsxuiltj before dunng or after operation as 
required 

The casualtj clearing station can usiialh keep a patient until he is fit 
to proceed bj motor ambulance convoy or ambulance tram to tho general 
hospitals at the baso Hero again all tlie appliances of modem medicine and 
surgerv are available for the Tienofit of the xvounded ‘Medical and surgical 
specialists ophthalmologLsts pathologists nonrologists and others are 
availabkj should his case require further Inxcstigntion and treatment 

If the casualtj is HkcU to liecomo fit soon he is kept liero till rcadt 
for transfer to a convalescent depot and after a period of OTerciaea and a 
process of hardening lie is rotiimcsl to liis unit If his period of recovery and 
convalesocnco is to be long he raav be admitted directly or if abroad sent 
liack to England hv hospital ship or hos])ital earner to complete his cure 
In time he Is transferred to a convalescent depot at liorae and Iwick agnm 
to the front 

It can he confidentli said that no man or woman is liottor looked after 
medicalU than those serving m tho Bntish Armx 
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are available for specialist treatment .Should ins disability be of a mild 
nature he may be treated in the reception station of his camp or station for 
two or three dajcs 

When the soldier is seiiously ill his relatives are informed, and should 
he become dangerously ill, free travel warrants are granted to two of his 
relatives to visit him m hospital These warrants are obtained from the 
local police station 

When a Medical Board finds a soldier imfit for further service and the 
soldier is invalided out of the army, it decides whether the reason for discharge 
IS attributable or not to military service oi is aggravated by military service 
If either is the case the matter goes to the Ministry of Pensions for their 
consideration and assessment of pension or gratmty 


3. mSTORY OF A CASUALTY 

A soldier always carries in a small pocket of his battle-dress trousers a 
first field dressing This is available when he becomes a casualty He 
applies the dressmg himself if he can, or it is applied by those who are near 
him A very extensive wound may require a larger dressing, and in this 
case the stretcher-bearers are called forward with their haversacks of larger 
shell dressings and one of these is apphed 

The casualty is then sent to the regimental aid post (R A P ) to see the 
jMedieal Officer He either walks back, is helped back by the stretcher- 
bearers or IS carried back bj'’ them on a stretcher At the regimental aid 
post the casualtj’- -will be given fluids, hot sweet tea when possible, and his 
dressmgs wiU be reapphed , if wounded m a limb, the hmb may be put at 
rest on a sphnt , if necessary, haimorrhage may be arrested first, morphia 
can be given, and M «fc B 693 treatment is m manj’^ cases started at this 
point Details of treatment vith dosage and times of admimstration of 
such drugs as morphme, etc , are entered on a card attached to the wounded 
man 

From the regimental aid post to the advanced dressmg station (ADS) 
of the field ambulance is the next stage This journey is now done by 
ambulance car or, occasionally, by stretchers and relaj^s of bearers Here 
the patient is treated vath a view to keeping up his general condition and 
preventing the onset of shock, and onl}^ for reasons of urgent neeessit}^ 
are woimds touched at all Any further doses of morphia or other special 
treatments are added to his card 

The next siep in the cham of evacuation is to the mam dressmg station 
(M D 8 ) in an ambulance vehicle of the field ambulance Again the casualtj^’s 
general condition is treated rather than the wound itself Anti-tetamc serum 
is admmistered and recorded on the card Here complete details of the 
soldier are entered m an admission and discharge book, records which are 
invaluable These records help to compile casualt 3 '' lists and to trace wounded 
men 

Ambulance cars of a motor ambulance convoy next carry the patient to a 
casualty clearmg station (C.C 8 ) At this unit a surgeon with modern 
surgical equipment with the help of a specialist in anaesthetics and a 
radiologist, can give the woimds all the attention demanded Iw modern 
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Thi* ccn bo wofifd oct bj » foranl* d<Ti»ed by the Ute 3I«)or-G«ier»l W Maqiberton, wtleb 
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Am an eiamtJo i It (« required lo aacertaln tho time uecramry to eramate OSS itTetcber c*ae« 
and 532 •fttin* cuea orer a dkUnco that taken half an hour for tha retom Jouroev when 18 
ambokncea are armllabte. The ambuUncea can eanr cither 4 »tfrtcher eaae* or C eitting caaea. 

If *e diride our amtmlancea In the proportloo of |2 for itretcheri and 8 for aittcfa, with OSS 
•tietchm at 4 ambalaiic« = *-l7 load*. 432 arttcia at 6 per ainbnlanc« = 80 loada, it aUl require 
1 trlpi to clear the former and 15 trfpa for the latter 
TIm time taken wiD be 


(a) Foe et/tldieTt — 


(i) Foe t%Uert-~ 
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1 ^Wxt 

ii "TT 


1 _ 0S3x| 4W^ 

12 4 "48 


10 hoora fX) mlnotea. 
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boor* 20 leitn Trice. 


Am the*B t*o eracuatioca would pf M rtai atmultaoenoaly the giirti locality wtnld be clear of 
caaualtin by the loDger period, oamdr 10 boon ID mlnotea. 


10 Homber ol tehicle* reqnifito— The*© can be McertaiDed firom the 
estiroate of caeuDUiea oa vrorked oat in Rcoordance Mrith paragraph 6 above 
pin* the time and space factor 

Expenonce has ebown that the number of vehicles is greatlv under 
eatimated b^ many lai authonhes who have not realised that the speed of 
motor ambulance* with wounded on board is very much less than that of 
their own pnvate motor cnra If sufficient are not prondod the scheme is 
inevitably doomed to disaster 

11 Oonflition of the casoaltief — Some of these will be m a senoua 
condition and their removal to any distance may precipitate catastrophe 

Tho ^Lmstry have lasned mstniotiona that senoua caae* are to be token 4 
direct to hospital without paasmc through the first-aid post This decision 
eppeara to have been based on tn© condition prevailing m Barcelona but 
those in this country ar© far different The standard of the profession as a 
whole IS much falser m this countn than it is in Spain and furthermore 
a ven large proportion of tho doctors m chaige of fiirt-aid post* have seen 
active aervic© during the last war and are fully conversant with tho treatment 
of war wounds 

Agam it is questionable if the fir*t-eid parties are sufflcientlj stilled to 
^erentiato tho tenous from the tnnal tg a splinter entering the abdomen 
via the buttocks This decision may lead to the hospitals being overwhelmed 
with slighter cases and to tho uneconomical use of ambulances to transport 
smgle casualties In my expenenc© many a life was saved m the last war m 
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standaidized tliiougliout the countiv, but the follo-wing will serve as 
a guide — 


(i) Heavy ambulance cnis 

(ii) Light ambulance cars 
(ill) Charabancs 

(iv) !Motor oiiinibiisea 

(v) Heavy motor loi rics 


(\ i) Light motor lorries 


(mi) Converted single decker motor 
bus (coach amhulance) 


4 lying or 10 sitting 
2 lying or 3 sitting 
20 to 30 sitting 
45 sitting 

24 sitting, or 8 l^'ing i\ ithoiit stretchers, 
or Mitli stretchers, 3 hnng and 4 
sitting, or if fitted with frame G 
stretchers 

8 sitting, or 3 Ij'ing and 2 sitting, 
without stretchers, or 2 on stretchers 
with 1 lying case between them 
10 stretchers 


Theie aie many methods of adapting tliese vaiious vehicles to cairy 
stietcheis The official fiames supplied by the jMimstry can be used oi 
smiilai flames can be constiucted by aity carpenter, but the steel scaffolding 
M^ith its clamps, as used bj'’ buildeis, is one of the easiest Avaj^s to adapt any 
form of tianspoit, from motor buses to laihvaji- trucks If additional 
impio'vised tianspoit is at all hkely to be lequu'ed m the event of large 
numbeis of casualties, it is essential to have the vehicles earmaiked well 
in advance and to call them up eaily It is suiprising how long it takes 
foi such additional transpoit to arrive when it is needed, and if this delay 
is not anticipated, leinfoi cements are A’^ery hkely to aiiive too late to be of 
a.ny use 

6 Number of casualties to be transported — This is one of the most 
important points m any scheme, foi upon an accuiate estimate evei^dhing 
depends Not only the numbei of vehicles leqmied must be Avorked out 
in detail, but also pei'sonnel, diessings, food and diink, etc 

7 Efficient loading and unloading — The stretchei-beaiers should be 
taught a “ Loadmg Wagon Drill ” which aauU be found detailed m vaiious 
fiist-aid manuals Not only aaoII tmie be saved if the loadmg and unloading 
aie perfoimed m a methodical mannei, but it aviII be conducive to the comfort 
of the patients, who aauII be spaied many a shock that they would expeiience 
fiom clumsy handhng, and the time saA’^ed aauH cut shoit any exposure to the 
weather 

Efficiency m this lespect is paiticularly impoitaut when loading 
ambulance tiains Holdmg up such a tram beyond its scheduled time of 
departure would seiiously disoigamze other traffic To obviate this the 
railway authorities may qmte possibly start the tram before the loading or 
unloadmg is fimshed, valuable space foi casualties being lost theieby 

8 Stretcher-bearers — Stietchei - beaiing is most exhausting AADik, 
particularly when loadmg the uppei tiers m an ambulance Sufficient 
bearers foi this woik are necessaiy, quite apait fiom those of the fiist-aid 
parties, who may not be on the spot when vehicles aie being loaded 

9 Time and space — A just appreciation of these must eiitei into any 
scheme, foi upon them and upon the numbei of casualties the numbei of 
vehicles depends, as does also the time taken to cleai any locality of a giA’-en 
numbei of wounded — information frequently lequned 
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are held m instant readiness to take the road when ordered. The\ afford 
very comfortable passage to the wounded being ranch more steadv and less 
liable to jolting than are motor arobulances 

ilOTOB AilBt^LA^CE^^ — If these are required to be added to the convoy 
they are obtained from the local anthont\ s A R P service in the district 
c-oncerned Those which ore called up will report to the transport ofBcer 
for orders 

AIotob cabs raa\ eometinics be needed if there are large nombera of 
sitting cases These too will be called for from the A R JP 

ilOTOB 03i''iBU8E3 (unaltered) are requisitioned from their owners when 
necessary It should be realiied that these ^ehlclea will be doing their 
ordinary work or that if they are in garages their dnyers are not standing 
by therefore demands for them must be made in good tune lest this transport 
emve too late 

Handling of the convoy — UTien the vehicles are assembled they are 
handled according to the principles set out alread\ Two important con 
siderations are (1) that at either end of their journey there must be good 
turning space preferably a one wa\ entrance and exit eapecially for large 
vehicles (2) that the attendants with each bus must draw from the casualty 
evacuation tram (or the ambulance tram) the same amoimt of equipment 
as thev hand In with their pabents If this precantion is neglected the 
hospital from which the cases came will lose a considerable amount of 
equipment 

The shuttle sN'stem deaenbed prenoualy is the best * e employmg 
single vehicles aa opposed to a convoy Supplies of petrol and oQ should be 
available to save the time wasted in returning to garages to refill 


THE eA5UAi;n evacuahor traih 
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France by retaining the patient m the advanced diessing station till he had 
recovered sufficiently from shock to be fit to bo moved 

12 Replemshment of medical stores — Each ambulance, when depositmg 
a patient, must leceive from the place of disposal an equal amount of 
medical equipment to that handed m with the case This refers particularly 
to blankets, stretcheis, splints, hot-Avater bottles, and the like If this is 
not done, the stretcher-bearers at the first-aid post will soon be denuded of 
their equipment and aviU not be able to function 

At each place of leception of patients a dump of these articles should 
be provided, so that each ambulance attendant can draAv from some 
responsible peison the equipment necessary 

13 Switching over — It has been found that the aveiage casualty hospital 
cannot take in and “ digest ” more than 200 patients per diem Arrangements 
wiU piobably have been made foi hospitals to receive casualties m rotation, 
so ambulance drivers should be famihar ivith the routes to the various 
institutions when Avarned of any change over in reception 

14 The plan — A concise plan is essential to the successful opeiation of a 
transportation seiAuce 

Before makmg such a plan it is of gieat assistance to AATite what is termed 
m the army “ an appreciation of the situation ” Any details that may assist 
or obstruct or even remotely bear on the problem should be stated The 
whole should culminate in a plan This appieciation helps us to sort out 
our ideas and, as it Avere, cr^’^stalfizes the essential details 

15 Orders — Having made oui plan, it is necessary to issue orders to our 
subordmates so that oui arrangements may be implemented These again 
should be short and simple, and, before issue, they should be read by someone 
other than the Avriter, so that it is certam that the recipients will be able to 
understand and also be unable to mismterpret what is desired to be done 

Undue verbosity is a serious drawback, and many of the orders, circulars 
and instructions that the Control receive from the Mimstry show this defect 
An order must be able to be grasped instantly by the lecipients, and any 
lengthy document takes too much time to digest before being acted upon 
Brevity is therefore imperative 

MOTOR AMBULANCE CONVOY (CIVIL DEFENCE) 

This IS an entirely different organization from the military motor 
ambulance convoy, and care should be taken not to confuse the two 

The ciAul defence convoy consists prmeipally of converted single-decker 
motor omnibuses, termed coach ambulances, with lorries and a workshop 
for mamtenance purposes 

The ciAol defence convoy operates under the orders of the regional hospital 
officer, assisted by a transport officer, and is utilized for evacuatmg casualties 
from one hospital to another, usually from casualty hospital to base hospital, 
either entirely by road or to a casualty evacuation tram 

Types of vehicle — Coach ambulances are permanently hired from their 
owners and their seats are replaced by racks for holding stretchers, of which 
ten can be carried The vehicles remain m their oAvners’ garages, fuUy stocked 
AA ith petrol, oil and equipment , thej'- are driA^en b3" tlieir oAvn drivers, and 



CHAPTER LXXX 


HOSPITAL OEGANIZATION IN THE EMERGENCY MEDICAL 
SERVICE 


T he Emergency Medical Semce (EALS ) was instituted under the 
direction of the JGnister of Health to provide hospital treatment for 
casualties * both for members of H M Forces nnd for civdJans It 
was realired that in modem warfare the civilian population would 
suffer hoavili so the nr OfRce and the Minister of Health agreed that their 
respective medical resources should be pooled whenever possible and that 
no distinction should be made between mibtnn and civilian casualties 


At the outbreak of war it was estimated that at least 300 000 hospital 
beds should be available for casualties As a result ctviJ hospitals were 
selected and enrolled together with their medical staffs m the Eme^geno^ 
Aledical Service Tho\ were classified as follows — 

OUis lA — Hospitals of over fifty beds m which full surgicAl facilities 
ore available 

Class IS — Smaller hospitals in which there are good sorgicnl faeOities 

Olan 8 — Hospitals suitable for the treatment of convalescent surgical 
and chrome medical coses In certain coses some of those hospitals 
have been upgraded 

Class 3 — Infectious diseases hospitals which nre kept available for their 
peace-time use 

Special hospitals — Man) well-eqiupped special hospitala are dassifled 
between I and 2 In some cases matemitj and children s and mental 
hospitalfl the\ ore reserved for their peace-time use 

Arnwrr— to ctTll bopUslil — Muj bocplUlt In dnugriTraa uru lare Ukra over Kboob and booM 
In the county to o t rre aa aoDcm. Tbe parent boaprtab arc rr^poufbfo fcir tbe adoinktration and 
rtafBng of tbe*^ aimeica. 

Auxiliary hospitalj — In relatively safe areas country houses of a sire to 
accommodate at least fifty beds hove been taken over os aunllary hospitals 
and convalescent homes The orgamration and administration of these is 
in the hands of the war orgamxation of the Bnhsh Red Cross and Order of 
St John of Jerusalem 

Tlie bed capadtj of many E JIi> hospitals has been mcreaeed by putting 
up extra beds and bj the erection of hots and other e.xpedients 
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together with a certain amount of hospital equipment, medical comforts, dressmgs, drugs, and 
mstruments Food and domestic stores are replenished locally, and medical stores from stocks 
held by certam stationmasters 

Tune and space — As an ordmaiy double railway Imo has the capacity, as a rule, of only some 
twenty-four trams a day, it is essential that no delay in the loading and unloadmg of trams occur 
ft must bo realized that casualty evacuation trams arc only a speciahzed form of railway transport, 
and that they -nill ha\e to fit in ^vlth the running of other traffic, and that the railway authorities 
are quite likely to order the tram to move at its scheduled time, whether or no the loading or un 
loadmg IS completed Three to four hours is an average time for loadmg and unloadmg a train 
Organization — The platforms should bo sufficiently long, so that the wliolo tram can bo unloaded 
without movmg it Avenues of approach must bo such that the ambulances can readily approach 
and leave A one-way road, which docs not mvolvo turning, is essential 

Lighting — Smeo these trains may be used at mght, lighting and flares will bo necessary, with 
due regard to black-out regulations 

Stretcher-bearers arc provided by the St Jolm Ambulance Brigade, the Bntish Red Cross Society, 
the local ARP organization, other voluntar3' workers, or troops They must bo well tramed and 
there must be sufficient subordinate officials to control them properly A comparatively largo number 
arc required, and they should be stationed under control convemently near the railhead 

Entraining is earned out under the instructions of the ambulance officer of the local authonty, 
who should be provided with assistance, preferably by the police, for traffic control He should see 
that blankets, stretchers, etc , accompanj ing the patients are replaced from those earned m the 
tram 

Detraining — ^The medical officer of the tram wall determmo the order of cleanng each coach and 
will commumcate this order to the detrammg officer Ho wall also see that the patients, if m berths, 
are placed on stretchers by the tram staff 

The detrammg officer, who is appomted by the Regional Hospital Officer, wall supervise the 
detrammg The stationmaster selects the platform to bo used and excludes the pubhc therefrom 
Here agam replenishment of stretchers must bo earned out, cqmpmcnt bemg obtamed from the 
evacuatmg convoy to replace that sent wath the casualties it receives 

Movement — If a tram is required, the County Medical Officer of Health, Borough Medical 
of Health, or the Group Officer concerned sends his request to the Regional Hospital Officer The 
latter then requisitions the tram through the local railway officer, if m his own region , if m another, 
through the D G , E M S (Movements) at the Mmistiy The tram is then moved from its shed to its 
destmation by the radw ay authonties 
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the puipote of iopnTWtig rrtuni*, p *7 and cii#ripline ■nd dlapcMl of Serrice patient* on da char ^r 
fr«a Tty «re iripomiMe *Uo for mijjng MTxnftwnerrt* for medWI beard* on eerrirt- 

padenU in boipital*. , , , 

nefW a— A ■rninr nfRrrr of the Tt^l O b po*tcd to tbe beadqoarter* of Hc^Ul 
Offert* and Group OfBn^ (Lnndan Betrtlon) to art a* UaK)n officer* between the EJLS and the 
inBtarr Anthodtle* 


LOCATION OP HOSPITAIifl 

WberesB from tho nature of tbeir work first aid posta and even casualty 
operating centres with a complement of beds muat be aituated m areea in. 
which casualties are bkoly to occur lioapitala theraaelves should be established 
away from apparentlr dangerous areas but should be easih accessible h\ 
motor ambtilance 



br tbe tnedical acluwl* Indlrated. 

London inth its big concentration of population baa for hospital purposes 
been divided mto ton sectors each radiatmg fanwiae for thirty or forty 
miles mto the Home Counties (Fig 859) A nuclena of medical staff and 
equipment la left at the inner hospitals which act as operating centra for 
the pnmarj treatment of casualties which mav occur m the neighbourhood, 
the rest being transferred to outer ones Suitable buildings along the sectors 
have been converted mto casualty hospitals At the periphery are tbe base 
hospitals In provinoial cities somewhat sunOar plans have been undertaken 
With regard to mdmdual needs and facHitiee In target areas it is advisable 
to open hospital mats outside the town (if these do not exist) where part 
of the staff and equipment of tbe oasualtv hospital is sent All E 
hospitals should have plans ready for speedv evacuation of part or the whole 
of the hospital under the supervision of a selected officer Equipment should 
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The Government has stated that it 'mil he responsible financially for the 
cost of mamtenance and treatment of ci'vihan casualties as well as Service 
sick and mjured admitted into E M S hospitals 

EQUIPMENT OF HOSPITALS 

The jMuustry of Health has supphed initial medical and surgical equipment -on a certam scale 
to the hospitals which have been upgraded or have been supplied ivith extra beds for casualties 
This scale is altered from time to time 

Extra beds and bedding, operatmg theatre equipment and X-ray apparatus have been supphed 
under these regulations , also antitetanic and other sera, drugs, dressmgs and sphnts Some 
eqmpment has been supphed from affiliated hospitals, but most of it from central reserves While 
central purchase has been encouraged m order to reduce cost, m certam circumstances hospital 
authorities can obtam sanction to purchase perishable goods, such as catheters and rubber gloves 

Hospitals have been recommended to keep one month’s supply of stores in reserve, tummg over 
the penshable articles each month 

Inspection and stocktaking of E II S stores and eqmpment has to be earned out at least half- 
3 early by an official of the ILmstiy If an^ of it has been lost, or has become defective, other than 
through fair near and tear, the fact must be reported 

ADMINISTRATIVE OFFICERS OF THE E M S. 

Headetuarters’ Staff — The ilmister of Health is the responsible head of 
the E M S with a medical officer as the Director-General (D G , E M S ) 
There are m addition four directors, assisted by other admmistrative medical 
officers It IS the dutj’’ of certam of these to "visit hospitals m order to give 
medical supermtendents such information as they may require A staff of 
consultants and speciahsts m the various branches of medicme and surgerj’’ 
IS allocated to Headquarters and to the various Regions (see beloiv) to advise 
regardmg professional work 

Hospital Officers — ^England and Wales have been di-vided mto eleven 
regions, pnncipally so that should commumcations become difficult, 
Government admimstration wiU not he endangered 

To each region is allotted a chief a dmini strative medical officer known 
as the Hospital Officer To his duties of supervismg the organization and 
admimstration of the E jM S m the region is added the administration of 
the medical branch of the Air Raid Precaution (ARP) scheme 

Group Officers — To each of the ten sectors mto winch the London area 
has been divided, and to twenty-five of the larger pro'vmcial towns m 
England, and to tliree m Wales, a Group Officer has been appomted He is 
generally a member of the semor medical staff of a large hospital m the area 
In the London areas the Group Officer works directly imder one of the 
directors m the pro'vmces he carries out the orders of the Hospital Officer 
The Group Officer is responsible for the general hospital organization of his 
group One of his mam concerns is to ensure that a sufficient number of 
beds for casualties and a sufficient medical staff is constantly available 

Semor Medical Officers — In voluntary hospitals there is, as a rule, no 
medical supermtendent Consequently a member of the medical staff 
should be appomted to act as medical officer m charge He works m con- 
junction with the laj’ supermtendent 

County and County Borough Medical Officers o£ Health — In addition to their normal duties Count\ 
and Ckiunty Borough Medical Officers of Health are responsible for the organization and supervision 
of the medical services under the ARP scheme They may be requested to act from time to time 
as agents of the Hospital Officers 

Militar y registrars — To some of the large E3I S hospitals or groups of hospitals m which there 
are bkelv to be numbers of Service patients, officers, not necessanh medical, have been attached for 
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Lay ftaif — The hospital portera engineers and other lay workers will 
need to be reinforced local yohinteers They should be formed into parties 
and posted at vanoua points in the hospital for such dutiee as pohcmg 
entrancee and exits regulating the traffic witlun the hospital gronndfl under 
a competent transport officer unloading ambulances manning lifts and 
transporting patients intlim the hospital In teachmg hospitals medical 
students will help m this work Riinnora to cam messages can be snpphed 
by the local Boj Scout orgamration Ord suggests that the muumiun 
standards are 18 stretclier bearers and 10 wheeled stretchers per 100 beds 
Notloe-botrdj — Entrances exits wurds vanons departments moluding 
nir raid shelters and the position of fire-fighting apphances shoold be marked 
cleeriy by notice-boards and frequent direction poets should be displayed 
Preparation ol certain wardi — In over\ casualty hospital certam wards 
should be designated for special purposoa vix resuscitation wards special 
wards for senous cases after operation end wards for gassed cases In 
large general hospitals st-gregation can go further for instance wards can 
be allocated for chest facio maullarv neurological and ophthalmic cases 
Clearing the hospital to recelTO catualtiei — In the London area there 
should be plenty of empty beds for casualties In the provincee where the 
casualty hospitals are often the count) hospitals they may bo filled with 
civilian and militor) sick If large numbers of casualty are required 
urgently arrangements may have to be made quloUy for the partial 
evacuation of patients Each day a red disc is nttaohed to the bed of every 
patient who can go home m twenty four to forty-eight hours The Group 
Officer IS notified daily of the number of tbeeo patients He wilJ arrange 
with tho Borough or Count) Transport Officer for their transportation if 
necesaarv 

If an air raid sliould occur before evacuation can take place theae patients 
can bo kept in the shoUers until it is poenblo to move them and their beds 
used for the more senous cases 

It H tdruitA^raai tor cuuhj horatal* to be iltoeted In to Uint M ou fujj 

h cu be cloerj — teraponuilj — to fartner ulmteriixn asd the peecod cme opeoed. Medknl offlem 
m vb*tge of nd po?i* eui be nnlifled from Cantrol of the ebiiiae cnpndty oC e hoepitnl for th^ 

rarptkm of remiltW U determined not ao mnoh on the tntnl number c« bed* u bj nombet of 
tr«m and omr*llnA *nd otber fidiftiee enOeble. If poadUr no mcro cModtlei ihixild 
be Admitted into Anj bcepftu tiuui oen be deeK «IUi noglcAllj In a rcMODAble tn dfht 

houTA. If It appeAn hielr that there ▼HI bo more than thi* number Control ahotdd be aal.^ to 
•end ambukiwca » Hh ftirtk( r earuahlee to Another boepItAJ If tbh li not poaAible, And Any horpitAl 

H cnei loaded a rth^ouiuied, the Group Officer will Arrmnite for tbetTAnafer of aoTjiCAl And rewivlt Atkin 

teama from other boaprtAlv 


Adminiftration — For porpoeee of admimutration a casualty hospital can 
be divided mto three sections — 


(а) Receiving and classification seotion 

(б) Treatment seotion 
(c) Eivaouation seotion 


Whether or not these Beobons are mtunted together m one hoepital or 
separated along the Imes of commnmcation dependa on tho ntuation of the 
hoapital the capacity of the bmldmga and on tho tactical situation The 
reception section may even be mtaated in the vulnerable area itself bnt the 
treatment and evacnation sections should bo kept farther out 
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be graded m priority, so that that which is most valuable can be moved first, 
€ (j , surgical equipment, expensive drugs and X-ray apparatus Hospital 
authorities when drawmg up these plans must decide how much transport 
will be required This information is forwarded to the Regional Traffic 
Commissioner 


ORGANIZATION OF A CASUALTY HOSPITAL 

The Medical Supermtendent or the Medical Officer m charge, together 
with the Secretary, should have drawn up a war plan In war the tactical 
situation may change rapidly Consequently medical arrangements, whde 
bemg defimte, must also be elastic In the plan should be stated the duties of 
aU, from the senior surgeon to the jimior porter Standing orders, kept up 
to date, should be circulated, and the whole procedure rehearsed several 
times in conjimction with the ARP services It is only by such forethought 
that when the emergency arises medical arrangements can be expected to 
run satisfactorily 

After an air raid the function of a casualty hospital is somewhat similar 
to that of a Casualty Clearing Station (CCS) m the Army medical orgamza- 
tion Indeed, should an mvasion take place, certain EM S hospitals wdl 
imdoubtedly become true casualty clearmg stations 

There is often a first-aid post at the casualty hospital itself This should bo a separate entity if 
possible, -vnth its omi one-way entrance and exit for ambulances 

Medical personnel — The surgical staff of a casualty hospital should be 
formed mto teams, each consistmg of a surgeon, a house surgeon and an 
anaesthetist, with a nursing staff Specialists, such as orthopaedic surgeons, 
neurosurgeons, etc , should be retained for their special work Dental 
surgeons will be needed to co-operate with the surgeons m charge of jaw 
cases A rota should be drawn up and one or more of these teams, depending 
on the size and locahty of the hospital, should always be on duty 

Other members of the staff must be detailed foi certam duties and must 
hold themselves m readmess for duty when a warning has been given 
There vail be the medical officers m charge of the anti-shock treatment , 
those m charge of wards for gas and moribund cases , the radiologist and his 
assistants, etc Arrangements should be made for any general practitioners 
from the neighbourhood who may be available to come to the hospital to 
act as chmcal assistants m the various departments 

The Medical Officer m charge, by keepmg m touch mth the local Control 
Centre and with the Group Officer, should be able to appreciate approximately 
the situation regardmg the hkely number of casualties , consequent^, he 
can make arrangements for accommodation, and for caUing on sufficient 
staff 

Nursmg staff — The matron, m conjunction vlth the Semor Medical 
Officer, will draw up a plan for the nursmg staff, which is remforced from 
the Qvd Nursing Reserve For each theatre the staff should consist of a 
staff nurse, two nurses and two orderhes If the service of another nurse 
or clerk is available, she can make notes dictated by the surgeon 

In some regions teams consistmg of sis. sisters and nurses who are famiLar with acute surgical 
work have been organized at certam hospitals to reinforce, when nccessaiy, the nursmg service of 
any hospital m the E 51 S 
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Claniflcatlon ol wounded — The following ueeful classification of wounded 
patients is given by Tnieta — 

1 Those who require eaxly operation and Mho cannot be evacuated 

These are dispatched immediatelj to the resuscitation wards and 
thence to the operating theatres from a priority list 

2 Those who need immediate operation and who can if necessary be 

evacuated shortly afterwards 

3 Those who need immediate treatment for shock but not operation 

and who cannot be evacuated Thej are sent to the resuscitation 
wards 

4 Those who need operative treatment but not so urgently They 

will be sent to the surgical wards 

5 Those who need non-operative treatment and who can be evacuated 

These are sent to the evnountion wards or if possible to their 
homes 

6 Those who are moribund A special ward is set apart for these patients 

A coloured label mdicating the cat^ory should be fastened to each patient 

There needs to be the oloeeat co-operation betwoen the surgeon m oharge 
of the claaafication section and those working in the treatment section 
The former will draft patients belonging to Groups 1 2 and 4 to the various 
surgical teams according to tbo urgency of the case and to the special 
ebihtiee of the teams 

The neoeasity for extreme gentleness in handling patients many of whom 
are sufienng from siiock should be impreesed on alL 

It has b^n found that few cases of hvstena come to hospitals as a result 
of air raids 

Patlenti' personal belonglnKB — -These should be placed m I>orothy bags 
and taken to the wards with the patients Valuables will be taken in chaige 
by a special clerk from the Superintendent s office and later put mto a safe 
Clothes if not too damaged equipment rifles etc will be labelled and 
placed in the peck store 

Clerical work — The clerical uork of the reception and classification 
dopartment la divided mto three eootions This work can be done qmckl} 
and accurately without an> delay to the patient but it should be of the 
simplest character possible All the more detailed returns such as Form 
E3I S 105 should be completed later 

1 Two or more darks each with a hospital admission and discharge 
(A and D ) book are stationed m the reception hall to take senally the 
particulars (name address religion nearest relative etc ) of mcoming 
casualties Some of this information shoold be found on the casualty card 
MT* C 46 if the patient has been through on aid post No min al rolls of 
casualties ore sent penodioallv to the Casualty Enquiry Ofiloe for the 
information of the pubbo 

2 In the examination room the surgeon as he is examining the patient 
dictates shortly the cUnical findings to a clerk who will enter them on the 
jiatient s esse sheet The ward to winch tho patient is to be sent is noted 
on It together with particulars of the time and amount of antitetamo serum 
morphia or other drugs v hieh havo lieen given 
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THE RECEPTION SECTION 

In the reception section the wounded are examined and classified, and 
the need for resuscitation and priority for surgical treatment determined 
Resuscitation may even be reqmred m those who appeal to he only shghtly 
injured, and can be started straight away in this department To prevent 
congestion and confusion relatives and friends must not be allowed to 
come m with casualties Accommodation should he reserved for near 
lelatives of those dangerously wounded 

The out-patient hall is generally a convenient place for the leception 
section, provided that it can he suitably warmed and piotected The lavatory 
accommodation for both sexes will geneially need enlaiging There should 
he a good road with an easy one-way entrance and exit A handj'^ dump 
of stretchers, blankets, splints and hot-watei bottles undei the charge of a 
porter must be provided foi the ambulance oideihes to replace eqmpment 
which accompanies their patients A sufficient numhei of sti etcher-bearers 
should be on duty at the entiance to unload ambulances Should there he 
an insufficient number, application for reinfoi cements must he made to the 
local ARP Control 

Equipment — High-backed benches, often to he fomid in out-patient 
departments, placed back to hack thiee feet apait make efficient tiestles 
foi supporting the stretchers Theie must he many warmed blankets and 
mackmtosh sheets , hot-water bottles, hot, sweetened, salted tea , gloves 
and gowns for the surgeons, nuises and assistants , pans of large scissois for 
the ‘ undressers ” and bins for soiled clothing Great attention must be paid 
to the question of heating, as it is difficult on account of doors being frequently 
opened to keep the temperature of a large hall in winter up to the requisite 
height 

In the examination rooms there should be dressing instruments ivith an 
extra supply of artery forceps , tourmquets , dressings , strapping and 
bandages , a supply of sphnts , disinfectants, such as euflavine or 
azochloramme , sulpliamlanude, both m tablet and powder form, and 
insufflators for the latter In each exaimnation room there should be 
dressing-tables on which are syringes of various sizes, with a plentiful supply 
of hollow needles , antitetanic serum , bottles of morphia solution, all of 
the same strength adrenalin , coramine , atropine and hyoscine 

As far as possible there should be one-way traffic arrangements for 
stretchers throughout the hospital 

Medical and nursing staff of the reception section — In order that the 
examination and classification of the ivoimded can be earned out efflcienth^ 
an experienced surgeon with one or more assistants must be in charge 
The minimum nursing staff will be a sister-in-charge and a staff nurse with 
two or three nurses In each examination room there is a staff nurse with 
one or two assistants One is detailed to give tetanus antitoxin to eveiy 
wounded person who has not had it A number of nursing auxiharies, work- 
ing in pairs and armed with large scissors, should be readj^ to remove pait 
at least of the clothes of wounded patients so that thej^ can be efflcientlj^ 
examined If there is a scarcity of nurses, masseuses who have no fixed 
duty can be so employed 
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wards to bo carcfulK MTitchcd since even though n pnontA list for opemtion 
has boon made the condition ma^ cimngo for the worse nnd the need for 
snrgicnl trentment ma'i become urgent If the snrgicnl staff are busv in 
the theatres and n surgeon cannot bo atationed in these wards for this 
dotv the resuscitation officer (wJio should be a sound chmcian) should ho 
responsible for this 

Operating theatres — Successful orgniuxation of the operating theatres is 
of paramount Importance and no hospital is hkelv to have too manv 
Additional thentros ma^ have to be Improvised beforehand Tlie\ need 
Dot be elaborate — if necessary a ward or hut can bo fixed up with the 
reqmsito tlieatre equipment In niaux theatres a second table can be 
erected 

Operating theatres should bo made as safe as possible Some at least 
should be near the ground sandbagged ^ith windows protected bv bnck 
walls Each hospital should have an improviseil protected emergenov theatre 
with two or more tables situated m the baaoraent for work during dangerous 
houra 

Special treatment wards — After operation patients should be moved 
Dot back to tbo reanscltation uTirds for beds there must be kept vacant for 
fresh casualties but to other uards specialli act aside where the nocessan 
after triAtment including trunjjfuBions can bo earned oat The loss aovere 
cases are admitted to ordinarj surgical wards Aocommodation should bo 
pronded for carrying out dressings and for tho apphcation of plaster casts 
awB} ftom the war<£ In all hospitals dealing with air mid casualties tho 
service of a pathologist should bo aNTiilable for tho bactenological exammation 
of wounds 

X ray deiiartmeot — It will very Iikeh be Impossible If casualty admissions 
are at all numerous to X ray all who need it before surgical treatment is 
undertaken Isevcrtlioless there will be some cases m which this will bo 
imperative A good portable \ rB\ apparatus is essential for all casualty 
hospitals 


DtmtniAt tor tbfl tnctetsnt ol sta escotlUi^— IV^parBlioo lomt br muie in cuunltj’ bcnpjult 
tor the rcetytkin of ntwd csnalUe* In addition, tud) patienta mnr li*ve r t t ri re d loonda. A 
■umber of tne medicaLiataS ofMcli bo'tpltalabotild beaelrrtMlaDd rnodailj'traiDrdln tbo organlutkin 
of coeb a department and be mnat train a aoJtablo nombrr of ajaManU. 

A apodal department will orrd organ bdng, with a aeparalr rmption rooin. aoitaUa deronlamina 
tion ipocaa and brd^ In apodal « arda. Th^ mvption rocan abonld be aeparate from the reception 
aUtion and eaailj aeceanble by ambabmee Protectlre clothing ia aopplred for the staff atteoding to 
tbeaa patient*, rnrdakm mmt be made for undrta al iig the patients (Una briny araOalfe for eon- 
tanrinatad dothlns) and for dothlng them in clean EinthcT informattin conerming 

equipment rrqunAl for dealing with fsaard casnahtea and the treatment of thear nadnrts wID br 
fbend In EALfcL Cirrokr 1 lOJ. 


ImnasaodBlAB oertfita for 
oyOndera for the trratetent c 


lent rqotpmant ] 
r tbe cbmg of o 
of a ocTtaln noi 


tn (as cascaftJra. This tochide* apretsde 
concentrations, with a aoppiy of oxygen 
easnaltiea. Fnitber eqiripanent, aorb as 


•Wdb-l^^dj 

oiyjen My be obtained by bo*pltah (1) from Tirioos commerdal fima in 
^ been drrnlaled to hospltaia , (2) from mtalo hospital, which 

jJL'ir.i”'’ -'a*- 

I® p a tWit s* rriatiiM -Wemima.laUii'i ibonU be nt a^de fr* t 
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3 The liead clerk, staiioned at a central position where patients pass on 
the way to the Wards, and near a telephone, keeps the up-to-date bed-state 
of the whole hospital This must shoAV the number of occupied and vacant 
beds 111 all the wards at any given time When a patient leaves the reception 
department for a ward. Ins destination is noted on the plan As each patient 
leaves a ward for the operatmg theatre or a new ward, the sister m charge 
of the ward telephones the change and the new destmation to this clerk, who 
will amend the bed-state accordingly Thus at any time an accurate record 
of the number of empty beds in the hospital can be obtained This mforma- 
tion will be sent at frequent intervals if possible to the Gioup Officer’s 
headquarters during active operations 


The Go\ernraent Statistical Office is undertaking research on ^vounds and injunes in relation 
to environment Tor mstanco, where nas the patient when ho was mjured ’ In a particular type 
of shelter, m a basement, m a building, or in the open ? These details in many cases can bo obtamed 
by the clerks m the receiving section, and the importance of accurate records must bo impressed 
upon them 


TREATMENT DEPARTMENT 

Resuscitation wards — Special vards, preferably small, situated neai the 
operatmg theatres, should be set aside as “ resuscitation wards,” where 
patients suffermg from womid shock can be thoroughly treated Thus 
segregated, they can be kept as qmet as possible Postponement of operative 
treatment imtil adequate resuscitation has been achieved is imperative 
In these wards anti-shock remedies must be kept ready These include a 
plentiful suppty of warm blankets and pyjamas, caiefuUy protected hot-water 
bottles, electric cradles, blood-pressure apparatus and equipment for admmis- 
tenng multiple blood and plasma transfusions , also a supply of oxygen 
cyhnders and B L B or spectacle outfits so that oxygen can be given m high 
concentration A supply of hot, sweetened, salted tea should always be 
available When a warmng is received by the hospital these beds are warmed 
m preparation 

On entermg the resuscitation ward the patient comes under the care 
of the suigeon to whom he has been allocated in the reception room In 
addition there is a medical officer (generally one of the physicians), with 
assistants, who is responsible for the estimation and treatment of shock 
A useful chart on which can be noted the details of the progress of anti-shock 
treatment has been described by Bnttam and Latter Frequent blood- 
pressure readmgs should be made and charted 

The sisters-in-charge and the nursmg staff of these AVards should have 
been specially instructed m the nursing of patients suffering from shock 
In addition, special nurses who have been trained in blood transfusion 
should be detailed as assistants to the transfusion officers 

Patients are sent to the operating theatres in previously determined 
order of priority Special notice is taken of those patients on whom a 
tourniquet has been applied, and these are put forward for operation With a 
minimum of delay (5wing to the extreme^ dirty condition in which many 
air-raid casualties arrive at hospital, much cleaning up Will be necessary 
It IS important for the clinical condition of patients in the resuscitation 



HOSriTAl- OROAMJ^-VTIOX rs TltC iaiEROE>C\ jrEDICAL SERMCE 027 


^rdfl to bo carefulK T^-atclietl eineo even though n |)^o^t^ list for opemhon 
has been made the condition innv change for the worse and the need for 
snrgica! treatment ma\ become urgent If the surgical staff are bim in 
the theatres and a surgeon ennnot be stationed m these wards for this 
dutv the resuscitation officer (who should be a sound clinician) should be 
responsible for this 

Operttmf theatres — Successful organixation of the operating theatres is 
of paramount importance and no hospital js hkelv to have too nian\ 
Aditional theatres maA have to bo improvised beforehand Thev need 
not be elaborate — if neceswirv a ward or hut can be fixed up with the 
reqmsito theatre equipment In mnn\ theatres a second table can be 
er^ed 

Operating theatres should l>o made as safe as possible Some at least 
sboold be near the ground sandbagged with windows protected bv bnck 
walls. Each hospital should have an improvised protected emergcnc\ theatre 
with two or more tables situated in the basement for work during dangerous 
hours 

SpecUl treatment wards — After operation patients should be moved 
not back to the resuscitation wards for beds there must be kept vacant for 
fresh casualties but to other words specialli set aside where the neceasan 
after treatment induding transfasioiis can be earned out The less severe 
cases are admitted to or^uarr surgical wards Accommodation should be 
provided for coirving out dressings and for the appbcation of plaster casts 
away from tlie wnr^ In all hospitals dealing with air raid casualties the 
service of a pathologist sliould bo available for the bactenological examination 
of wounds 

X ray department — Itwillven likeh beimiio^ble if casualtv admissions 
are at all numerous to X raj all who need it before surgicnl treatment is 
undertaken Jsevcrthcleas there will be some cose* m which this will be 
imperative A good portable \ rav apjMratus is essential for all casualtv 
ho^tals 


Dwtioail for Um trmtrmmt at fu MimttV* — PrrpantlDn be made In cuoihr botphnl* 

^ tbe reeeptiao of ai-ed io ■Aditlon, nicli patlentj ra*r Lata reeHred voond*. A 

iDetiiberoftneiBedicMftA& ofekch boip^labould beaelected Aod tpedaliljtnioedlii the orjaniution 

of neb A (kpArtment, Aod be most trAin a •ottAble Diuiib«T of A««i*tAnti. 

A ipcrlAl depulioent will nerd ofigwokitif, wttb a ArpArmtp mepilop room, nriuble tWnn f»mln« 
UoQ roona Asd beds In spoeisl wds. Tbo irrAption room sboold bo srpAiAtr tbe nutln receptloD 
stAtion And nsilj- Accessible by Ambnknee I'rotectlTA dothio^ is supplied for tbe stall Attealiriff to 
tbMe pAtleots. PiotWod mtr*t be siAde for onJi using tbe patients (bias being ataUaUb for con- 
tAmiDAted elotblng) And for dotblng tbetn Id clean pr^aniAi. Forther InfonnAtkm eonceminfl 
etjQlpiQont leqttlrM for dealing with fAssed casuaHW and tbe treatment of tbe*e patients alD be 
fcrtmd In BJLo Grcnlar 1, •9.1. 

Each btrgpltAl bolds nffiewurt cquipsoent for dcattnt with gas casoAlbea, This inclodea spectacle 
framea and Al.B. outfits for tbe ihinf of ozwn In high coocantrations. with a stippfy cdoivjren 
eyOnders for tbe trcataient of a certain nonibcr of snch iwiahica. Fnrtber catripment soch as 
•cAlpab for Wood letting, steam kettles, I per cent UcarboDate sohition for IrriffAtlntr tb* eves 
and Bqind paraffin for mst iTl a tinn . dlcblotamine-T (10 per cent.) ointment In a raidshimr cream fa- 
sD»bt aidn borav mho* and tdpls dyr sohition or ointment for bums and a serfSon of mornbiA 
sboold be krpt ready 

the town who hare suppbrt^bA has been cfanlatcd to b£a]^tsls} (•) from certain hosiJtAl^ ahlr-k 
for tbe girmg of coyycn wblch ba^e been ronnedln Ksae tusnv ^ anaontnts 

Aeoo i m u f^tkP in pa tbe t / relttim — AecommodsUon sUmld be ast aakbr Ca- tii- r,a-n r 

.bo ... aa tb. E« fa tt.1 tl«y b.„ 
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Refreshments, including tea, must be available duiing active opeiations 
foi medical, nursing and lay staff 

Moribund wards — Special wards sliould be set aside for patients who are 
admitted dying and foi whom radical treatment offers no prospect of success 
There they can be nursed m quietness and made as comfortable as possible 
Disposal of the dead — Theie is an official on the staff of the local 
authorities who is responsible for the collection and, if necessary, for the 
burial of casualties who have died m hospitals 

To further the knowledge of wai wounds evei}’^ endeavom should be 
made to perform as many post-moitem examinations as possible in the 
circumstances, and to keep adequate recoids 

Provision of out-patient treatment — There niaj’^ be a large number of 
casualties who have received prehminai3'^ treatment at a first-aid post yet 
need out-patient tieatment so accommodation and staff must be supplied 
Some of these patients maj'’ need admission to hospital 


THE EVACUATION SECTION 

To keep beds empty for future casualties, patients should not be letained 
in casualty hospitals, especialty in target aieas, for longer than is necessai}’^ , 
they should be moved to base oi to special liospitals as soon as the}'’ are 
well enough 

In many p^o^’lnclal towns the casualty liospitals, being in most cases general hospitals, may 
(provided the tactical situation permits) accommodate some patients rcciuinng long-term treatment 
Arrangements must, how ei cr, be made to e^ acuatc these if neecssarj A number of lightly w ounded 
who may liaie been admitted into ea'^ualty hospitals can be e\acunted to an outhung liospital for 
surgical treatment when daylight arrives 

Evacuation is carried out by ambulance convoys oi, if the distance is 
great, by hospital trams which aie gaiaged at certain centies After 
extensive night bombing it may be impossible to evacuate patients before 
daylight 

THE BASE HOSPITAL 

Much of what has been said concernmg the casualty hospital apphes 
to base hospitals To these hospitals are transfen ed casualties for long-term 
treatment 8mce streptococcal epidemics are liable to sweep the wards 
of hospitals treating wounded, arrangements should be made to disinfect 
the wards periodically by formohzing with blow-pipes and atomizers 

Large special centres for the treatment of certam types of injury have 
been formed, e g , for tlioracic wounds, orthopaedic and ophthalmic injuries 
neurological cases and for facio-maxiUary and plastic surgery Patients 
suitable for these centres will be evacuated, ivlien fit to travel, under arrange- 
ment made by the Group Officer 

Thcorcticallj , it might be better to admit suitable patients mto a special centio ibrcct from an 
aid post, proMded it was w-ithin a reasonable distance In actual practice, however, time might bo 
w asted in sorting out such cases, and a w astage of ambulances w ould probably result 

For the E M 8 to be a success, hospitals must be prepared to give leciprocal 
assistance m receiving tiaiisferred patients and in sending staff and supphes 
to those who aie in greatei need 
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BLOOD TBAKHFUglOK SEEVIGE 

Transfueion Centres uJidcr the dirootion of pnthologiats aloJIed m blood 
work hare been set up at convenient centres to supply stored blood and 
plasma to E3I^ bospitnja ns woU ns to the semcos 

As a result of public meotmgs and of penodical advertising m tbo lay 
press, the wording of advertisements in such a manner that the pubbo wil] 
refllno the ttrgoncv for ^oIuntee^8 to act as donors and tbe lack of danger to 
themselves each group should be able to supply tbo requisite amount of 
blood needed The pathological departments of the local hospitals and the 
Transfusion Centres sliould be responsible for tx^ping ppoepooti>e donors 
bleeding a certain proportion and keeping records Some of the blood 
carefully labelled with its group and other particmlnrs is kept at the Centre 
and at hospitals Tbo remainder is sent to the Transfusion Centro for 
separation of the plasma 

Some of the plasma is distributed to hospitals and if the blood 
bank of anj hospital needs replemsbing dnnng times of activity the 
Transfusion Centre will send over supphea of blood or plasma In an 
emergency after ft raid donors on the local list con be called on or in some 
hospitals amtable patients aro tj-ped dimng their stft> in hospital and they 
will then be avaUahle Each casualty liospital however should hare a 
large enough blood bank and should keep it replenished 


TEAKS 


Mobile surgical and resuscitation teams for gonernl and special surgical 
work have been organised from the staffs of S hospitals Their work 
nuy bo in thoir own Soctors and Groups but if called upon bj the Group 
OfBcer tho\ must be prepared to go to hospitals farther afield 

A mobile surgical team consists normally of a surgeon (general or 
speciahrod) an aneesthetist a sister with theatre experience and an assistant 
nurse (or medical student or orderly ) 

The necessity for tlio v hole of a team to go or to take equipment with 
it will depend upon circumstances e.g it may be needed as a rehef or 
as an addition to the surgical personnel of a hospital InstruotlonB regardmg 
this will be given bj the Group OflBcer Tbe equipment kept in charge 
of the sister will bo supplied by the hospital from wlucli tlie team is sent 
The following hit which should be regarded as a minimum should l>e c 
gmde to the requirements of a general surgical team — 


Fompi, •rterj 

» Uotk Lute • 
» iJIwurntLig 
r, iterlUxtf 
m bcDe-cnttlns 
„ tCOftl* 
Bdaion 
ReOmetofs 
VoOmuia ■ ipooct 
Needle, ute orju a 
» bolder 
BaUpeii or bl*de* 


Towel eOp* 

R*Mf (with bUd« If etfety) 

Knife, uopiUHon (4 to 6 fax, Uuk) 

IVikate*] ckTElor 
Ofcm* (pain) 
a*fi 

M Mfci, umtiMrtlo 
Drop bottlw 
Keadiet. 

Ugatore*. 

SntOTB lueleriiL 


Addftioei*! InetPiiioeiiti may b* Ukn at thn dUm^u,. ^ »i 

4pd » poTtabfe utfe^y wartioo of the nirgoon. A mpply of 
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'Pho ]'c«i7Hoilaiio?i loam consists of a inediea] o/Hcor conversant witli the 
niol.bods and an assistant Tiio equipment will include blood plasma, with 
transfusion outfits , B L.B inhalation ajiiiaratiis or spectacle outfit, with 
cylinders of oxygen 

Members of a team will travel in a car belonging to one of its members, 
'fliey should bo in possession of a special certificate supplied by tlio hospital 
autlioritios, so that when on this duty they can move freely ni any locality. 
“ .S])ccial duty ” jiotrol coupons have been issued to membors. 

In addition to those teams it may bo noeossary in an omorgoncy to 
reinforce certain hosjiitals by transferring or interchanging medical and 
nursing personnel In order to perform tins sjiecdily, all hosjiitals kcoji 
up-to-date lists of names of their stalT who could bo spared, temporarily 
'Jdicy are allocated for transference for duty to ho.sjiitals oitlior m the 
noighboiirliood or in a more distant region Avliicli are becoming liaid-piessed 

PROTECTION OP HOSPITALS 

iSuitable jirotection of iiujiortant units in a hosjiital, with brick walls, 
sandbags, wire, etc , lias been found to be of value. Local Autlioritios and 
governing bodies of hospitals in the K M S should formulate their own pio- 
posals for jirotection in the light of iceommendations contained in the 
Minister’s Momoiandum No 1 Exjiert advice can bo obtained from archi- 
tects and ongmeors of the Ministry or of the Local Authoiity If approved, 
financial assistance will lie given. 

fi’he local li’ire Service should bo consulted as to the best method of 
protection of the hoajiital and also as to what help can bo given by this 
Service in case of fire occurring ns a result of incondiaiy bombs. Fiio- 
watcheis should bo stationed on the roof in telephonic communication with 
fire jnckots stationed at central jiomts m the hospital Patrols should be 
about outside during a wariiiug It is advisable to enrol a number of 
volunteers, some of whom slccj) at the hospital each night to bo ready to 
deal with iiicondiary boiiibs and fires 'J’hcso, and the rest of the hospital 
stall, should bo trained in fiio fighting by officials of the local Piro Service, 
hhre-fighting ajiiihaucos, including ladders, should bo jilaced at central points 
known to all All thotojiwardsofhosjntalsin target areas should bo kept empty. 

A trailer (ire jniinji with a squad of trained fiioinen stationed m the 
gioiiiids IS a valuable acquisition for fire jnotoction of a largo hospital 
As an alternative, the local li’iro Brigade may jnovide a sub-station m the 
liosjntal grounds or nearby. 

Ill all hosjntals of the KIMS X-iay ajiparatus, blood bank, suigical 
instruments, dressings aiid other medical stores should be divided and kept 
in scvcial dejiai tinents Particular care should bo taken to stoio mfiammablo 
materials, oq , X-ray films, othci, etc,, in jnotoctod places 

iSovcral large reserve tanks of water should bo piovidod, and baths and 
utensils should be filled when a warning is given 

Puriiig a recent laid the work of a largo casualty liosjntal came almost 
to a standstill owing to the failuio of the oloctiic light tluough damage to 
the mam by bombs ’Phei cfoi o a large rosci vo siipjily of lighting, e g , electric 
lamjis run fiom batteries, huiiicauo lainjis and toiches, must bo kept loady 
in each dojiaitmcnt. The loimor aio by fai the best. 
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The gns eupplj maj fail totall} or the presawre maj become ^e^^ loir 
A (nipply of pnDHw etovoa ahoiUd be obtained 

In air raids the telephone B^^Btem may be disorganized Hospital 
anthontiea should obtain two or more volnnteerB with motor or pedal 
bicycles (the latter are of more use if roads are damaged) to mamtam 
CO mm am cation 

Ab roads maj easily become impassable owing to damage bj bombing 
and by fallen masonry and as tills may be mtensified by the black-out 
ambulancee maj have dlfflcnlty in renohmg the hospital mdcod some 
patients may have to be kept at the aid posts until daylight The tmfBo 
control will endeavour to open up alternative rentes to and from the hospital 
Therefore the Sapermtendont must arrange to supply guides who know the 
new routes for ambulances coming to and departing from the hospital 


PEOTECmON OP PATTTarrS AHD STAFF 
The black-out of the hospital must be as complete as is humanly 
possible It has been reported that Xnsl airmen prisoners have admitted 
that if the\ see a light In their target area they will bomb that localitr 
Protection of patients and staff in hospitals as well as opportunity 
for sufficient sleep is of the utmost importance Basements and cellars 
must be strengthened and adapted with beat and lighting and a suffloient 
number of bunks lustalled If poasfblo dug-outs and shelters should be 
made It is bettor to iiave a number of shelters so that the patients and 
staff off duty can be scattered AH ore told beforehand to which shelter 
to go ^^Tlen the iraming is 
given patients who can walk 
are ordered to go to the shelters, 
care being taken to protect them 
from the cold, Osborne (1040) has 
suggested that bedfast pabents 
should be protected by placing a 
cradle o\ er the head and shoulders 
and drawing up the bed table to 
the level of the waist A mattress 
should be placed over those hang 
mg over the head end of the bed 
(Fig 801) The object is to avoid 
so fiitr as possible injury from 
flying glass and dAbns and yet 



JMliod of prcit««nj » pstimt in bei. 


ptBTNit the patient from having any amae of suffocation Beda are not 
moved into the centre of the VTird but are lefr m them usual poaition 
^ugh never directly under a window Dnniig a raid a ward may be m 
danger AU muat he propored to move theee patients If the wamlnc 
ocouia at night the e^ nursing staff go to their rajpeotive wards and 
it is no call for their services thev are encouraged to co to bed thenn 
^e memb^ of the staff eepectaUy tho«, who in or wim may "o 

of steel helmets with oilaUn curtains and aviban duty respirators 
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In the event of the hospital being hit, a paity of porters or volunteers 
should be detailed in case of need to help to extrieate buried vietims, pending 
the amval of the ARP rescue squads Suitable tools for tins work should 
be kept m central places 


PROTECTION OF RADIUM 

It IS ad-visablc, owing to the nsk of dispersion, tlmt radium should be used only at a hospital 
m a locality whore the risk of a direct hit is almost negligible Radium can be kept safely at 
hospitals if there is a bore-hole at least 50 ft deep If the hospital is in a distnct whore it is con- 
sidered justifiable to use radium, patients under treatment should be kept together in a ward near 
the bore-hole They should not bo evacuated w hilst under such treatment Only those lesions of 
a nature m which the radium can be removed easily and quickly should be treated A nurse, 
competent to remove the radium * pcedily, should be in charge, with orders that if an air raid 
wammg is received the needles should be removed, cheeked, placed m a special receptacle and 
lowered into the bore-hole 


[Since this chapter has been passed for press, certain pamphlets relating 
to E ]\I S hospitals have been issued Where the latter are at variance 
with the text of this chapter, the pamphlets must be regarded as authoritative 
— Author's uoie ] 
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CHAPTER LXXXI 

THE ORGANIZATION OP A FIRST-AID POST 


ALTHOUGH InatruotionB have been issued by the ilinistry of Health, 
/% there ore many details m the organization which have been evolved 
J^by experience but which are not as yet known generally 

PERSOI7HEL 

The greatest difficulty is that of peraonnel If the post is staffed by 
volunteers It is nccesaarj’ to have many more on the staff than would be the 
caae If the personnel was paid and on a whole-time basia 

In TniMrtbl* arcu pa«U m»j foD time paW wcrt-oi nlwn oa doty Th»e 

fjcBi * mrclnn for tkIom •errtceo, iid tn «sn«ge5icy muy b* angtatated by Tnlonlwn. 
FiA-thoe w u r i m aroaQy ccntlct of — 

Ftr>t-«Jd partW (mao) 

Ambolann ddm* (own or women). 

Car ditm (atea or vnCDcs). 

Trained otmn 

NVhilo volunteers are trained many of them have had bttle or no practical 
expenence It Is therefore a great asset if the services of one or two trained 
nurses can be obtained Retired norees and midwives residing m the locality 
maj be prepared to give their semcea obnously if such professional aisnstanc© 
can be requWtioned It will have a stiffening effect on the amateur staff 
It 18 oasential to delegate responsibility the doctor cannot possibly 
deal witii everything at the post This is recognixed partially bj the 
appointment of a DepAt Supervisor who w as it were adjutant quarter 
master and sergeant-major rolled into one 

The Depot Buperviior is a most valuable official and should be chosen 
with greatest care He should be able to organize the maintenance of the 
building the supply custody and economical use of medical stores and 
equipment the keeping of records end the trammg of staff Above aU he 
must be a person of infinite tact and patience for he will have to arrange 
times and types of duty for all members — not an easy matter Moreover 
he must maintain a eertam amoxmt of discipline and ensure that the post is 
readj for instant action Aot infrequently he will have to settle disputes 
and obviate friction — agam no easy matter when dealing with a largo staff 
over which he has no anthonty beyond their wiUmgneas to serve In short 
the DepAt Supervisor must possess the tact of an ambassador the hide of 
a rhinoceros and the patience of Job A retued army or naval officer or 
Qoremment official can carrv out these duties admirably but he must 
remember that the staff are volunteers 

AfrifUnt ^c«r» — Excellent as the DepAt Supervisor s appomtment may 
be it is insuffloiont Other officers are required for it is quite imposaible 
»33 
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In the event of the hospital being hit, a party of porters or volunteers 
should be detailed in case of need to help to extiicate buried victims, pending 
the arrival of the ARP rescue squads Suitable tools for this work should 
be kept m central places 


PROTECTION OF RADIUM 

It IS advisable, ovmg to the nak of dispersion, that radium should be used only at a hospital 
in a loeality vlicre the risk of a direet hit is almost negligible Radium can bo kept safely at 
hospitals if there is a bore-hole at least 50 ft deep If the hospital is m a distnet where it is con- 
sidered justifiable to use radium, patients under treatment should be kept together m a vard near 
the bore-hole They should not be evacuated wlnlst under such treatment Only those lesions of 
a nature in vhich the radium can be removed easily and quickly should bo treated A nurse, 
competent to remove the radium peedily, should be in charge, mth orders that if an air-raid 
warrung is received the needles should be removed, checked, placed m a special receptacle and 
lowered into the bore hole 


[Smee this chapter has been passed for press, certain pamphlets relatmg 
to E M S hospitals have been issued Where the latter are at vanance 
with the text of this chapter, the pamphlets must be regarded as authontative 
— Axdlioi ’s note ] 
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Doctor • 


tmUe 


Bnna *nd Gliglit DT«ifiyi:i 

Eto T»We 

Dlfpetao' 


Catfrer 

Driver of c*r for alttteg CMoaltin 

AmVwiUBcw driver 

AmbnUace attendMit 

Tekpbonkt 

CWt 


( None 1 

I Finrt aid 1 


P effwv tTH t na fVm 

OCTTIDZ — ■ 

Und u TT (ooter ek>thm^ ^ 

IjrtiDi— 

C. l^Eye*, etc ] 

Boots clerk * 

0. 2— TJndreaeen - 

CferU 

Stretcber bearer* - 

Shcnrecs and Ej« Doocbe I 

Towels and dirtMag 1 

0. S—Oerk for djrpoaal 1 

Tlw. section ms y re^dlre to be doptioated as tlw post deals with males and females. 

ooMPosrnoN of fisot aid pabties 


Pejonu d— 

Fiivt-aid (Oan 
B U ete b e i -beafer* 
Amboknce driver 
AmboWni-* attendant 
Gar dil i ai 
V^ilolei — 

Ambolaiiee 

Car for sitting esses 

Car lor first-aid party 


Paoooal aiiiitiaDttit— 
Anti-gas clothing 
Bespnator 
fiten helme t 
Flnt-ald barerMek 
Flrst-ald pooches 


IMmkal cg ntrrrfn i — 


Blankets 
Ihomaa spGnt 
Bpttnts, cotnmoa 
kitns dlCBlingS 
IThte diushuji 
Water bottle 


1 large foe parte 
4 nT*n 


8 

1 

1 set 

4 larg* 

4 insn. 


First-aid partiee should as a general rule be sent out complete (Fig 862) 
Each membOT abould be in posaeeaion of an electric torok, and an mdolible 
pencil for markmg the foreheads of patients 
Abbreviations to be need — 


31 3Iorphia given Dose 
T Tourniquet 
H Severe btemorrhage 
X Penetratang; wounds chest or abdomen 
C Gas contamination 
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ADMINISTRATION 


for the doctor and the Depot Supervisor to deal with the hundred and one 
petty details of administration that arise, particularly in times of pressure 
Though there is no official sanction for this step, it is recommended that 
the following should be appointed — 

Commandant (men) 

Commandant (women) 

Section Leaders 
Pohce and Doorguards 



Fio 802 

First-aid party in a rural area 


This delegation of authority will ensure that the post runs smoothly. 
These officers should be encouraged to know everyone m their charge, to 
settle if possible any grievances, and accept and pass on any useful suggestions 
they may receive They must not forget, however, that the doctor is in 
charge of the post and that his decision on any matter is final 


PLAN OF GENERAL ORGANIZATION 

It has been said that a comparatively large number of men and women 
are necessary to ensure the staffing of the post continually A convement 
method of detaihng them for duty is by dividmg the entire personnel mto 
sections, each under a Section Leader , seven such sections should be 
instituted, one for each day of the week 

COMPOSITION OF SECTIONS 

Each section -n ill normally consist of the folloumg — 

Men 

First-aid man m charge 
Stretcher-bearer No 1 
o 

ff 9f ^ 

„ ,, 4 Drives own car if possible 
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Twt) monm, A tod B, cover the momiDg ehlftf, « to 
Scctjoo • Me CO doty — 

Sondey 

IVedncidey 


10 AJi. Mjd 10 AJC to 2 PJC 


fl to 10 AJC 
10 * V. to 2 pjc 


forfiKtaPoe 


The renttinlng four won>en, 0, D E. P divide the eftemoco, evening and night 
th«n I two irotaea C and D take the afternoon •Uft, 2 to 8 PJi. two women, E and F the 
evening ahift, 0 to 10 p ^ and aH fotrr take duty for the night ahlfl, 10 p t to 0 ajc for metanco, 
tjectkn 2 are on duty — 


TbniwiaT 2 to 8 pjc 

Setnrday 6 to lO PJt 

Jlonday (night) 10 PJt, to 0 AJt (Tocwlay) 

An ambulance and a car driver ahoold aiao be on doty each ahift, or if that Im not po«fUe, then 
airmngesneiita made for dnren to report Immediately In an emergency 

It win be aeen that eeren telephontata wD) not be enoogh to cover aB ahlfU, and in fcactiee the 
number required ia nearer fourteen- 

It win be noted al*o that women allocated to the 0 to 10 A and 10 ajc to 2 p ’ll. ahlfta are 
only to put in eight houri per week, 'nwse are nanaliy inconveoioit hour* foe a omen with 

boaaehcid dutlea, and rofamteen ^r three ahlfta are not obta^ied eaaHy 

On hearing the reld warning the peieoond of the eeetke cei doty who are not aJready at the 
pewt ahould report immediately 


ffTAHDIHa ORDERS FOR FIRST AID POffT ORQARIZATIOH 

1 Hedioal Officer m Charge 

2 Dep^t 6apem»or 

3 S^xetaiy 

4 Commandant (men) 

6 Commandant (women) 

6 Section Leaders 

7 First-aid Parties 

8 Officer m Charge Decontamination BepArtmeot 
0 Deputy in Charge Decontamination Department 

10 Nurses 

11 Dispenser 

12 Telephonists 

13 Casnalty CHerks 

14 Caterer 
1C Caretaker 


Duties of the above are — 

1 hfadfaal Offleer tn CSuEgt — Oeneral aupcrikkn aad aUcoboo to aerloua ~i 
i. DapSt liJMflajr— To art a« the aewaid in cotmnand of tl» depfit, aad during th* abacnoo of 
the llodloal Otfeer wQJ be In oommaod. The eato and malntananc* of flrat-ald pewt, buHdinn and 

eqnipiiimt th® firrt-aM party depAt. equlpinMit and Tehloiw aro bk raapooilhllity Hftw£ca»iit 

the O emm a nd ant (men) and Co mm an d a nt (womm) when arranging the rota of dutlea, bet ahouJd 
any querieaariae the DepAtBuperviaar win have tb*. final deoWoti. He wfll train the ambulaneo arid 
car peraoonel. and gfmnriliT aupeirlae the atafl. Afl carreapoodence wCI be dealt with bv Urn. bat 
if powO de aj oq t-goc3g Irttora thouid be aigoed W the UedicaJ Officer. 

, •®*»**rT 7 -To act aa aeentary to the DeptVt Saperriacr and attend to all tvptnn; anri SHT^« of 

ie^^keejfcigolaoooanta. In the event of an am raU alvs wm type forma fa tt^teTaWna 

parbculaii of eaanahwa. andj^ ah meaaagea to offlceo coocenuai at the p«t. ^ 

^ CoumuM^ (ma^He win be In ehargo of the atceteher parbea. ambulance*, cat*. *rjd 

HowffldoiXoonfobofaol™ 
^ ^ h «l«»ed whae the other ia open. Tbeae ruarS^ 

alao preVTot the tmtnmw of mauthoriied pemoaa. rneas guaroa wiU 

104 
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This Mall ensure that vital information concerning the cases is brought 
to the immediate notice of those receiving them 

A ROTA OP DUTY 

One of the difficulties of manning a first-aid post with part-time volunteers 
IS that men are not usually available immediately in the daytime, conse- 
quently dunng the day the post must be staffed to a large extent by Women 
Most women have their oirn household duties to attend to, and cannot be 
expected to do more tlian three periods of duty per week 

The table below shows a convenient method of airanging duties for seven 
sections Each twenty -four hours is divided into four four-hour day shifts, 
and one eight-hour night shift 


Time 

Sunday 

Monday 

Tuesday 

IVed 

Thursday 

Fnday 

Saturday 


Section 2 

Seetion 3 

Seetion 4 

Section 0 

Section 0 

Section 7 

Section 1 

6 to 10 A M 

Women 

U'omen 

Women 

Women 

AA’^omen 

AA^omen 

AA’'omcn 


A 

A 

A 

A 

A 

A 

A 


B 

B 

B 

B 

B 

B 

B 


Tel • 

Tel 

Tel 

Tel 

Tel 

Tel 

Tel 


Section 0 

Section 7 

Section 1 

Section 2 

Section 3 

Section 4 

Section 5 

10 am to 2 r M 

Women 

Women 

Women 

Women 

AA'^omen 

AVomen 

AA'^omen 


A 

A 

A 

A 

A 

A 

A 


B 

B 

B 

B 

B 

B 

B 


Tel 

Tel 

Tel 

Tel 

Tel 

Tel 

Tel 


Seetion C 

Section 6 

Section 7 

Section 1 

Section 2 

Section 3 

Seetion 4 

2 to 0 F M 

Women 

Women 

Women 

Women 

AVomen 

Women 

AA^omen 


C 

C 

C 

C 

C 

C 

C 


D 

D 

D 

D 

D 

D 

D 


Tel 

Tel 

Tel 

Tel 

Tel 

Tel 

Tel 

1 

Section 3 

Section 4 

Section 5 

Section 0 

Section 7 

Section 1 

Section 2. 

6 to 10 P M 

Women 

Women 

Women 

Women 

AA'^omen 

AA'^omen 

AA^'ornon 


E 

E 

E 

E 

E 

E 

E 

j 

F 

F 

F 

F 

F 

F 

F 

1 

Tel 

Tel 

Tc! 

Tel 

Tel 

Tel 

Tel 

) 

Section I 

Section 2 

Section 3 

Section 4 

Section 5 

Section 6 

Section 7 

10 pm to 6 a m 

Women 

Women 

Women 

AVomen 

AVomen 

AA^omen 

Women 

night shift 

C 

C 

C 

C 

C 

C 

C 

' 

D 

D 

D 

D 

D 

D 

D 


E 

E 

E 

E 

E 

E 

E 


F 

F 

F 

F 

F 

F 

F 

1 One first aid 

Jlen 

Men 

Men 

Men 

Men 

Men 

Men 

1 part3' 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 


3 

3 

3 

3 

3 

3 

3 


4 

4 

4 

4 

4 

4 

4 

) 

5 

5 

5 

r> 

J 

6 

6 


• Telephonist 


The above rota is based on a minimum of six first-aid -nomen per section, indicated m the table 
by the letters A, 13, C, D, E, F 
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BUatct# ® 

SpUnU, thJ^ wooden 3 

8tr*t», weWiig, with motil futennm, for •ecnrfng «phiit* 21 

StrSoberi 

Wingi, »trcmg nebWnt (far (arrying rtreitolier) * 

Hot w»tCT bottlei ; 

enuneUed Iroc. nbotrt 6 In. dUnwrfer 
Re«pir*tori, »p*re If otUinnbfc, for me of CMWltlw wbow own 
ere kwt cw dectroyed. 

stntdiff btmna-'^t W dmraHt lAed mil ^rridUr-Uarm tioMld befMjlg ininfd fn/-cid mtn. 

The fli»t-*id In dinrge — nroelly Ro. 1 ■treteber beonr — will nttend to the cmemltv eeriited 
Vf Xr«, y .Till 1, they kje ktta>di^ other CManllfan. No i ptepMw the itretcber end bkuketi 

and helpa aa required. 

For Wding the itfrtcher with two or four men eee Chaptew LXX^T 

TjWTny — l^ie Btreteher abonld be lowvred to the groasd In line with the rehlole, 

the patient ■ head to the front After No. I or the ambokace atteaidant haa made certain the traeka 
and Bteadying atrapa are clear the four bearer* torn biwarda, lift the itretoher and ahde it into the 
tiaoha, aMlated, If poaelble the ambolance The upper or more awkwajd berth ahonld 

maDy be loaded drat Two Mca c/oae tkomtd nttrr aUtmjn to load or unload a» aminUantt. 

Shoold there be more caaoaltK* than the rehlde can accommodate at once, the flrat-akl man in 
cfaai^ wiH decide priority of mn oral. Bcaren win identify nnoonacloaa patlenta If poaalble \dgfa 
boon or oth rr eaanah ka may be a b le to axip pfy thk mfannatnm. which will be noted on t he caanalty cud. 

On airiral at the poet the kader (d uw party wlD decade the caaea to be unloaded from the 
ambulance. Caaoaltka will be taken ioto the leceptioo room or office where the derka wlH letter 
names and addreaaet, eta After TrgUCrailoo the padeni la eanled Into the aaiting room. Here 
the doctor or Ccsnmaidaat (woman) wQl dedda on pdcnty 

The abcrre sonertloos are oot to be taken aa a compete flnldft, and all favt-akl party pexacmoel 
an adriied to obWn "‘Air Raid Precautlcna Handhxik No 10 ” cm the training and work of 
first .aid jautlea. 

8 OlBeer tn Ghcrgv of the TWwntaiwtnaHmi Dat arta wnt —He U rfa p wiJhlo for entlie ccmtrol ol 

the department He 'riH look alter aB eqolfBMOt and deal wHh aB men oaanahie*. He wBl alao 
atinid to the muting and difpoaal of clothing 

9 Demfy tn Ohaqro — She aOi Uko charge of wommt a eeeUan and de puldia In the control of the 
drpaitmoil If thia la neeemary 

10 Hmet — They will cany out duty to the flist-ald roocn or where req uir ed. They wiB ordlnarify 
b* catployed on ahifu, but on the oocaakn of an air raid aQ nnraea cn hearing the «ngn>l ^rlll 
hnmeri Lately report fir dnty 

11 DlQeBSV — The Dwueuaer will draw drags and drcarisg and other aorslea] eculpment from 
the r>ep^ Saperrirw 

1* Wnihriiit -^ receiring a message ahe alD Imnwidklely write ft oat In tiipticate on Fcaan 
A JU’./iLS and road it back to the pecaon from wlwm she baa It Her aaaktant wlB 
two copiea of thia m g wa^ one to the Depfi* SMerriaor and one to the Commandant (men), lie 
Commandant (women) aiO be informed by the Tekplicnhl a aulatent. 

Ihe Ganmandant (men) will then detail aaoh atretefaer partiea, ambulannes, can, andambnlanoe 
attendants as he eonalden neoeaaary to deal with the 

The Tele^onlst ahoold oae Form AJtJ^/lLl wbm tating partlenlara of caaualtiea from the 
wardens post, and moat nae the anthorised abhrerlatkaw. 

IQw times at which the message is recetred or dlspaiahed most be recoeded in tenw of the 
iroty boor olook. Copes of aB mesHges mnst be kept and flksd foe future refenmoe. Three 
copies of cr3t.gQtnff lufasagia most also be takeau 

On receipt of the airraid warning the IWephadst will at once notify tin followmg 

Medical Offioer tn Charge \ 
pepflt Boperyiaor by Wepibanc. 

oecretaiy J 

Oammandant (mec) I 

Commandant (woroen) fby mesaenger or tefcrphcme 

Decantaminatioa Officer J 

of Vloj-loo tb.ckrt.rfl fa dopflt,!., tb. foBcrf., prffaol... 


Age. 

Addres*. 

Reiigkti. 

Tine of admladai. 
Vatme of faijiny 
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5 Commaiidailt (women) — Slie wtU control nil nurses and supervise nil women voluntaiy helpers 
and issue all first-aid eqiupment She wiU assist the Depot Supervisor m arranginc the rota of duties, 
and wiU hrmg to his notice any dissatisfaction with the times amnged She will also assist the Depot 
Supervisor to check the stock and inform him of the nmoimt used On admission of casualties she 
will classifv them into the following eat-egones — 

Shght or senous wounds 
Gas or bums 

She will use her discretion as to the order m which thev will he dealt with in the dressing-roonu 

6 Section Leaders and Personnel — The personnel are divided into seven sections, each of which 
IS tmder the command of a Section Leader 

In order to save the voluntarv staff from being requested to do too manv hours on dutv. the 
personnel are divided into the above-mentioned seven sections the shifts bemg amiured ns follows . — 

One eight-hour night sluft 
Four four-hour day shifts 

The rotas showing to which duties the personnel nre allocated will be found on the notice-board. 

Apphcation to change the hours of duty as shown on the rota should be made to the respective 
Commandants 

On hearing the raid warning the personnel of the section on dutv who are not already at the 
post should report immediatelv 

The remamder of the sections wiU stand bv ready to join the aid post if and when required. They 
should, however, report when the ‘ aU clear ’ has soimdcd if it is evident that bombs have been 
dropped in the locahty 

Owing to the danger of being maclune-gnnned from the air personnel should take everi' advantage 
of anv cover on their route The use of electne torches, smol^g and the striking of matches show 
up for a long distance m the dark and wiU mentably attract hostile fire 


7 Frrst-aid Parties — 

PKRSOyyEL A^^) TIUl>'SrOKT — 

Ambulance, with dnver and ambulance attendant 
Car for personnel 

Car and dnver for sitting casualties 
First-aid man in charge 
Four stretcher-bearers 


EQOrwEvr — Each stretcher-bearer will be issued with a first-aid pouch containing . — 

Bandages tnangular . . 9 

Dressmgs, first-aid large . . 6 

Dressings, first-aid, medium .... 6 

Canes for tightening improvised tourniquets (6 m long) . 3 

Labels casualty identitv, books of 20 (with indehble pencil) 1 

Omtment bleach, m 2-oz tons (and pieces of clean washed rag) . 1 

Safety-pms, large, cards of 6 , 3 

Scissors, 7 in , with lanvard (one blade pomted) . 1 

Tourmquet . . . 1 


Each member of a first-aid party will cany a water-bottle and an electric hand-lamp 
First-aid parties will also ^ issued with a first-aid party's haversack (one haversack per 
party) containing — 


Bandages, tnangular 

Canes for tightening improvised tourniquets (6 m long) 
Clasp-kmfe large 
Cotton-wool, 1-oz packets 

Dressmgs, first-aid, large . . . . 

Dressmgs, first-aid, medium . . . 

Lmt, unmedicated, m squares about S in by 12 in. 

Omtment, bleach, m 2-oz tins (and clean washed rags) 
Safety-pms, large, cards of 6 . . 

Tourniquets, St John type ... 

Tourniquets Samway type 

Sphnts sectional wooden . . sets 

Straps, webbmg with metal fasteners for securing sphnts 
(length about IS m , width about 2 m ) . 

Tanmc acid jelly, ^oz tubes 
Torch or lamp with stand and shield 


36 

5 
1 

6 
IS 
12 

6 

4 

5 


IS 

4 
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To bf eamtd i» tkt tthtde 

BUiikHi ^ 

BpflnU, woculai •eti 3 

Strmp«, mebb^ irHb met*! fMtmtri, for •roaring fplinti '^1 

Strrteben 

Pitngi, itrcog » ebbing (for romrinj •trwtcher) 2 

Uoi xm ter bot tiro 2 

Btiina. eumeOed lim •bout 6 in. dkmrier 2 

Reapirmton, epare if obtainable for qm of rocnaldea mboae omi 
are lost or deatroTed. 

8tr«telMX*betnil — II ft dmmhlt t&o/ all tlntclttr-tnarm tkomli ha fall)/ Imimed frd-aii mtn 

ITw fir»t-ald Tn«n In charge — aaaaHv Ro. 1 atretchcr bearer — will attend to the caanaltj askted 
bj hioa. - and 3. nnlcM tbej are attending other canaltle*. ho. 4 preparea the atreteber and bbmheti 
a^ bdpi aa required 

For loadiiig the atreteber aitb tao or foeir mm are Chapter LXXVL 

aentmtaneo — 'Qe atretcher aboold bo lowered to the groond in line with the veblola, 
the patient a \tad to the/rea/ After ho. I or tbe ambalaDce attendant baa made certain tbe traoka 
Ttfl atea^djing atrapa are dear tbo foor bearera torn tnwan^ lift tbe atietcber and aiide it into the 
tracha, aadfted. If poaaible br tbe ambalanro attendant. Ihe npper or more awkward berth abonid 
nanaQr be loadied nnt Ttro laea a/oee aAoa/d nner atUmpt to load or unload a* ambuhnet 

Sbonld there be more eaaoaltlea than tbe vebicte can aroommodate at emro. the flmt-aJd man In 
charge win decide priority of rrmoraL Bearera wiDideolby nnccaiarioc* patknta if poaaible. Neigh 
boara or other eaaoah ka mar bo able t o aappiy thb Informatkn. wbiefa will be noted cm tbe cmanalty card. 

On artiral at tbe poat tbe leader of the party will deddo tbe caaca to be unloaded from tbo 
ambokoee Gaaoaltlca will be taken Into the reroptloo room or ofBro where tbe clerki will irglater 
namea and addrreaew, cte. AftT rrgktratloa tbe patient la carried into the waiting room. Hens 
tbe doctor or Commandant (aroman) will decide on p ri o t itj 

The abore ropRea Hm ia are Ehot to be taken aa a rompMe goide and aQ firet-aid party penonnel 
art adriied to obtain Air Raid PrecacrtloGi Handbook No 10” cc tbo train tng and work of 
flnt-aUlmrtlea. 

6 Officer bt Cbarge of D»ixtnt«Titfaa.ttqn Dtputanecd — He U reapannble for entire emtroi of 
tbe department He wlD look after aB eqalpment and deal with aB men eaauahiea. He will alao 
attend to tbe mAAtrv^ «jwI dupoml of cootamlnated cWhlng 

6 Dapotf bl OhegQ — She wQ take charge of womcfiaarotkc and depotlxe in tbe oantnl of tbe 
departBteni if tbia la Deemarr 

10 SiUM — Ther win tarry o«it dnty in thefirat-ald room or where required. They will ordinarily 
be nanloyed on ahfnt, but on tbe orarion of an air rnld aB mmea on bearing tbe tignal wrB 
tamedktely report for daty 

11 DiiyKPim — The Dwperuvr will draw drnga and dreaaing and other nrgieal equipment &aca 
the De^ Soperrkor 

1- Tidephmtet~On rroriring a mewuLge abe wED immediately wrate It ont in tripbcaie on Fonn 
AJLP./1IJ and read It back to tbe pereao frocn whom abe baa taken K. Her aaaiatant will hand 
repiea of tbU meaMge one to the Depdt SoperriKW and one to the Commandant (men) The 
Commandant (women) wiD be informed by the Teiepbanlat a aaaiatant. 

Tbe Cn o m a n dapt (men) wID then detail anefa atTeroher partlea, am balance#, cart, andamboknee 
attaidanta aa he rooaideTw rweroaary to deal wfth the taak. 

The Telepbookt aboold nae Form AJLP /TL-l when partinilaTi of oaaoaltlea from the 

peak and moat oao tbe aotborited abbreriatlana. 

. T^ hmea at which the larmage k rece i red or dkpatebed mnat be rerorded in tenm of tlm 
Copiea of all meeMgea mnat be kept and filed for fn t nr e refermce Three 
ropw of orrt.cohig mcagu muat alao be taken. 

On receipt of tbo air raid warning tbe TViephonlat arlQ at onro notlfv the foUowing — 
lledieal Officer in Charge 1 
Depfit Snperrieor [br telephone 

Berreiary I 

Commandant (men) 1 

Co mm a nd a n t (women) [by m ta ae ng er or telepbcoe. 

Decootaminaricn Officer ' 

of eih^camitT^**** — ^ admbalon tbo cleike wlQ record. In dnpUeate tbe folkjwlnj partkoka 


Name. 

Age. 


^ddreaa. 


Religion. 

Time of ■drel'.ricTi 


Nature of Injoiy 
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On tlio discharge of patients the clerk will enter the destination (hospital or homo) to which 
the patient has been sent, the time of discharge, and whether the patient is to report for further 
treatment 

14 Caterer — Ho mil ensure that a supply of tea and sandwiches is always available As these 
commodities are not a pubhc supply, the caterer should obtam the necessary materials from those 
w illin g to give them 

16 Caretaker — He wdl bo responsible for the clcanmg and heating of the buildmg, and must 
attend to the black-out arrangements Ho must report for duty immediately he hears the air-raid 
wammg 


FILLING IN OF FORMS 

On completion of treatment at the first-aid post particulars must be 
entered on the casualty form These particulars will mclude the destination 
of the patient The casualty clerk m the exit collects, venfies and returns 
the forms to the office The clerk must also fill in casualty card MFC 46 
m respect of any patient transferred to hospital 

The Ministry of Pensions require Form MFC 44 to be completed showmg 
the particulars of casualties treated at the post for each raid In order that 
this form may be compiled it will be convenient to make out a case sheet 
for each casualty On this sheet the admission clerk will note the followmg — 

Date 

Serial No (of casualty) 

Name 

Age 

Address 

Rehgion 

Nature of mjury. 

One copy of the above will be sent m to the first-aid room with the 
casualty, and the evacuation clerk will note down the nature of mjury and 
disposal, X e , whether sent to hospital or patient’s home, etc 
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1 \ tills thffin*lch*ptrr I»Ul«ttMnptt nipp*«WBt omK-4nrM*fld to m lew the Oteriturr «hkh 
li*» ippr^ml «hJle the »ork In progrt^n tmt hai iKt bren duwtls- rtfmwl to in tht t«rt 
TV disproportion brt»rm the rnortrutr of tbh UiL *ad th^ ipwe •T»il*We hfti nHuie it n«r~-<»rv 
to fonfljw mr mnirl. tr fp«torr^ tiring tMiuIr prmollni rilnr 




FIRST AID 

Recent hteratnro al>ounds in commentH on the dangers and futility 
of the indlmnminatc apphcation of toiuTilquota h\ finrt-flid workers The 
general consensus of opinion pcems to bo that a 
time has been reached when the tourniquet ahould 
be removed from first aid equipment and the first 
aid worker taught to appl\ a drcswng and a firm 
bandage and to elc\*ato the limb 

There 1*1 still neetl to cmpbaaixe to 
first aid workers the ncceasit\ of the 
face-downward method of transport 
mg patients with a fractured spine 
The aecompanMDg diagrams (Figs 
8&3 and 804) are modified from in 
htructions given to Amencan Bov 
^^uts (H F Hodges and E B 
f rogono) ‘ 

An excellent method of hecunng a patient to a stretcher • 
18 illustrated in Fig 80.> Seven triangular bandages are 
emplo^’ed and they are appLed m 
xBj TO. the order shown 

^ ® Itorden ■ him designed a 
■erreo suppoit for a Thomas splmt to be 

.TW n»^ m coninnction with a stretcher 
order cnamermt wL (Fig 800 ) 

G Henschen* has found a fctenle 
safety pm can he ntflued to great advantage m 
the forward tone In woimds of the floor of the jkj sw 

mouth m which the middle of the mandible has itorden » KippQrt for » Thom*4 
been shot awav he passes a safotj pm vertically ^ * 

through the tongue places it verticallv m front 

of the bps and mamtams it there bj tape passed through the eye of the 


Fim 603, SiU 
Trra^pnrtiiig • patfent villi 
a rimctsrrtl rplne 
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1 \ thin, tbr floaUhniitrf I »in attempt (uMpf>lMurnt omS'oanfaml tonsvleT the lltnutuir which 
hu tpprarr^ whUe the work wan In pfopre^ i bat han not born ihirctly rrfcrml to in the te^t 
The dj- pc op ar t ton hrtaern thernarniitvof thh ta Laixl the apace araHablohat made it rxcea«ar\ 
to confijK' inr rrmart t fra t n rm Harinp definite peart ice 1 ml or 






FIRST AID 

R«cnt btcmtiiro nlxmndts m comniciita on the dangers and futUitj 
of tiio indiscnnnnato application of tonmiqiiots b} first aid workers The 
general conticnmis of opinion wems to }>e that n 
time ban boon rcacbctl wlicn tbo tonmjquot should 
be remo\ed from flnrt aid equipment and tbo first 
aid worker taught to appU a dressing and a finn 
bandage and to elevate tbo limb 

Tliero IS still noetl to ompbasizo to 
first aid workers tlio necetontj of tbo 
face-downward mothotl of transport 
mg patients witli a fmcUired spmo 
Tlio accompanying diagrams (Figs 
803 ajid 804) are modified from in Fica^ sex 

Btniotioiia given to Amoncan Bo\ Tmn#portiiig » p*tiont with 
Sxiuts (H F Hodges and E B w ftwetrard fpijif 
Grogono) '■ 

An ovcoUent motliod of securing a patient to a stretcher * 
18 lllafltrnted m Fig 8(k> Seven tnangnlar bandages are 
employed and tlie> are ajipbed m 
the order shown 

^ ^ Morden » has designed a 
•ewtt trUojruUr support for a Thomas spUnt to be 
Tbcy used in conjunction witli a stretcher 
*pphed In the 

wUcTcimmCTwtcd v-^^8 800) 

G Henseben * has found a trtenle 
safety pm can bo utilized to great advantage m 
the forward zone In woimds of the floor of the 
mouth m which the middle of the mandible has itorden ■ «ippcirt for a TbomM 
■hot away he paa** a safety pm verticaUy -Pli"* „ on . 
t^ugh the tongue places it vertically in front 

of the bps and mamtains it there by tape passed through the eye of the 

^ ^ Prfrn, Mrr* C7 a 1910, a. 8L 

■"iwoea. w G Laaert I9il i, uo, <HctFs(lwn.O Sdhrcii J/erf ITola** , IWO, t, TIL 
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safety-pin and passed behind the ears and tied at the back of the liead 
(Fig 867) Li cases of open pneumo -thorax he fixes the lung to the thoracic 
wall by safety-pins He also recommends that a wound of 
the intestine should be closed provisionally or eviscerated 
bowel anchored to the skin by tlie same means 

J H Gunter ^ says in extensive wounds of the face 
the best emergency treatment is to tack the skm to the 
mucous membrane across the raw surfaces If this is done, 
the work of the plastic surgeon aviU be greatly facihtated 
R H Ivy and R A Stout ^ describe an emergency 
apparatus made from wooden tongue depressors, adhesive 
Safety -pm method of plaster and a bandage, to be used if there is backward 
keeping the tongue displacement of eithei the upper or the lower law mter- 
mandible has been lenng With respiration An elastic band can be attached 

shot au ay to tlus apparatus (Fig 868) and to either 
the upper or the lower teeth, and constant 
traction wiU be mamtamed 

In man}’’ cases of gunshot wounds of the neck, immediate 
tracheotomy is necessar}'^ If a tracheotomy tube is not 
available, a large-size rubber catheter can be fashioned as a 
substitute (G jM Blech) ^ 

S W Harnngton,-* speaking of the first aid treatment of open uounds of 
the abdomen, with evisceration, sajs that the common adnee is not to replace Ii-y and Stouts 
the intestine in the abdomen He agrees that if there is cviscemtion uith lealcage, emergencj 
it IS best not to replace the cods in the abdomen, but if there is no leakage, and method of mam 
there is no obvious contamination, and the distance through vluch the patient taming fonvard 
must be transported is comparatively great, replacement is adi isable traction of either 

Artificial respiration — G Bates® ef al quote an example ^^foverja^w 
where artificial respiration was continued 
for eight hours before the patient was saved This was 
m a case of electnc shock Bates suggests that if arti- 
ficial respiration is commenced vithm one minute of an 
electnc shock 90 per cent of patients recover When 
there is a delay?^ of six mmutes, only 10 per cent of 
patients are capable of bemg resuscitated 

The RO’WTXTG aiETHOD IS claimed by M C Rosekrans ® 
to be the best of aU With the patient supme, the 
first-aid worker places himself at the patient’s head 
The patient’s arms are grasped at the wnsts and 
firmly extended above his head to raise the chest 
The}^ are kept m this position long enough for air to 
enter the chest, and then rapidly dropped back towards 
his chest, leaving them there long enough for air to rush 
Tbe out of the chest This rowmg motion is repeated ten 

respiration to twelve times per mmute 

Thu C<ipeichagek method ' — ^The patient is placed on his left side mth his head supported on 
a cushion or folded coat, and the left arm and left leg moderately flexed to give support Expiration 

’ Gunter J H Militari/ Siiraeou, 19iO, S8, 37o ' Ii-v, B H , and Stout, B A Ann , 1911, 113, 1001 

’ Blech G 3L Military ‘tnreeon, 1940, 88, 367 

' Hamneton, S W Proc 'itaff Meri Mayo Clinic 1940, 15, 806 

* Bate^ G , et nl Canad Med Are Jour 39 120 

• Bosekrans, W C irtJ'co/ii'in Med Jonr , 1941, 40, oG7 * Praest, P Acta Med Scand , 1940, 103, 739 
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b br Ut«al pfr*«arp of bo<h buxit on the Utml m pfct of tbe thormi (Fljt (A)l »nd 

ht^tbii br drawir^. the jmtbnt • ricfet hnnifni up«mrd-* and h*rU»rdWFip WO (D)). [From 

tbethfort^kaleomidrtallon tlw main difflrtUlvmouM appear to be In muntalnlnff thobtrralpoiUlon 

anl^ IntrfbfDt Selp H aT-%Jbl4r — IL It ] 

Thlnt at wa— Morio\ ItobortB in 1010 conceived the idea that when no 
fmh water could l>o obtained death nt t<en from tldrst could be nt am rate 
poirtpooed b\ rectal injectiorw of wa water * He recommended that a 
Hlggmion s B\'nngo ihoutd form part of the abtp » lifeboat cfjuipment 
\Vhem mdopcndentlv tmggcated alow gravitation of aea water mto tbe 
lower bowel b\ a funnel and tul>c Hoa this Kiemmglv cardinal ob*iervation 
been pat to a practical teat 1 

Snake HIm— A ccording to T \\ Ponder* the first aid treatment for a 
bite from a poisonous snake is to make a cnsa-cross incision of about half 
an incli through each fang mark Tlie incisions must go ivell through tlie 
skin to allow free bleeding Suction is applied In the absence of a breast 
pump a bottle should bo taken and a small piece of paper burnt therein 
Before the flame is cxtingumhod the mouth of tho bottle is applied tightlv 
over the wound In event of no bottle being a\*ailable the wound is sucked 
With the mouth As the swelling spreads a ring of cnas-croas jnemons is 
made m tins swollen area 2 m from the pnmarj incision Suction is 
applied to these wounds for fifteen raimitea of each hour for fifteen hours 
Pam Is severe and shock must l>o comWed contmualK If the i)atient can 
be tided over twcnt\ four hours there is hope 

Homan bite* — T M Lowrj ’ is surgeon to the Beelcman Hospital, 
Btuated near the water front of 2vew ^ ork Citv and be has anahwl nearh 
200 cases of human bites At lus hospital many forms of treatment liave 
been tned these include exasion of the wound sulphonamide therap> 
and the administration of salvareon preparations on the ossumption that 
Vincent s organism was the mam infecting agent >.ono of these have 
proved so Ratisfactor\ as earlj chemical cautcnxation His advice is that 
all human bites should bo cautented with fuming mtnc acid Subsequent local 
treatment should lie conservative Tho involved part should be immobilized 
and chlorine beanng solutions are the most valuable of all local dressings 


BIEOHAHIZED WAEFARE HAS OHAHQED COHOEPnOHB OP FIHST AID 


In tbe 1014-lfi war a regimental surgeon s mm was to apply such surgical 
measures as would enable the wounded to be evacuated to the rear Too 
often m modem mechanited warfare there is no rear ObviousK under 
such circumstances it is useless for instance to apply ft tourniquet and 
Von Bergmann s dictum that in the front hne a student of theology was 
more valuable than a professor of surgery becomes obsolete The modem 
regimental surgeon most be prepared to ligate arteries (8 j per cent of deaths 
are due to hroraorThage J H Gunter *) and to perform 
other desperateU urgent emergency operations The morale of tbe troops 
depends on facilities being afforded him to do so 

The chapter on the Organization of a Field Ambulance Included m the 


Cb»7S^ A»rr^ 1*(1 tl. bSI 
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safety-pin and passed behind the ears and tied at the hack of the head 
(Fig 867) In cases of open pneumo-thorax he fixes the Imig to the thoracic 
wall by safety-pins He also recommends that a wound of 
the intestine should be closed provisionally or eviscerated 
bowel anchored to the skin by the same means 

J H Gunter ^ says in extensive wounds of the face 
the best emergency treatment is to tack the skm to the 
mucous membrane across the raw surfaces If this is done, 
the work of the plastic surgeon will be greatly facihtated 
R H Ivy and R A Stout ^ describe an emergency 
apparatus made from wooden tongue depressors, adhesive 
Safttv-pm method of plaster and a bandage, to be used if there is backward 
keeping the tongue displacement of eithei the upper or the lower law inter- 
mandible has been fenng ivith respiration An elastic band can be attached 

shota\\av to this apparatus (Fig 868) and to either 
the upper or the lower teeth, and constant 
traction will be maintamed 

In many cases of gunshot wounds of the neck, immediate 
tracheotomy is necessary If a tracheotomy tube is not 
available, a large-size rubber catheter can be fashioned as a 
substitute (G M Blech) ^ 

8 AV Harnngton,'* speaking of the firet-aid treatment of open iioiindH of 
the abdomen, mth evisceration, says that the common nd\nce is not to replace Ivy and Stout s 
the intestine in the abdomen Ho agrees that jf there is e\ iseeration v ith leakage, emorgonev 
it IS best not to replace the coils in the abdomen, but if there is no leakage, and method of main- 
therc IS no obvious contamination, and the distance through which the patient taming foniard 
must be transported is comparatively great, replacement is ad\isab]c traction of either 

Artificial respiration — G Bates® el al quote an example * 'foverja^v 
where artificial respiration was continued 
for eight hours before the patient was saved Tlus was 
in a case of electric shock Bates suggests that if arti- 
ficial respiration is commenced withm one minute of an 
electnc shock 90 per cent of patients recover When 
there is a delay of six minutes, only 10 per cent of 
patients are capable of being resuscitated 

The KOVTNG METHOD IS claimed by M C Rosekrans ^ 
to be the best of all With the patient supme, the 
first-aid worker places himself at the patient’s head 
The patient’s arms are grasped at the ivrists and 
firmly extended above his head to raise the chest 
Tliej’^ are kept in this position long enough for air to 
enter the chest, and then rapidly dropped back towards 
his chest, leavmg them there long enough for air to rush 
The out of the chest This rowing motion is repeated ten 

respiration to twelve times per minute 

TiiL CoPEMiAOEK METHOD ’ — ^Tlie patient 18 placed on his left side mth liis head supported on 
a cushion or folded coat, and the left arm and left leg moderately flexed to gne support Expiration 





Fig 867 


‘ Gunter, J IT J/i/iton/ Sariieon, 1940, 88, STI II , and Stout, IT 4 Ann Sarii , 1941, 113, 1001 

’ Blfch. G M Mtlilarv hnrgeon, 1940, 88, 387 

* Harrintrton, S Pror Staff Meet ilayo dime 1940, 15, 808 
‘Bates G , et al Canad Med Aee /our , 1918, 39, 120 

* Bosekrans, C II teeonetn Med four , 1941, 40, 307 ‘ Praent, P Acta Med Scand , 1940, 103, 539 
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\ GonncAnknm ‘ wij-s that na n protoctfoii agnin'it nir attack* rcgimontal 
aid post* in Uiuwla consi8tc<l for tho most fwirt of tents Inmed beneath the 
earth and co\crc<I m gmss In these touts urgent ojwmtions winch included 
laparotomies and croniotomica were jierfomied within throe hours of the 
mjnn Tlie tents were elcctncnllx lighted I'lics and mosquitoes woro the 
main difBctiIt\ Tho cliiof surgical work conswtc<l of immon uound excision 
Alter treatment tho uoundc<l were orncimtc<l m trucks and planes but 
those who could not bo moicd remained for further anti shock treatment 
'^-called reinforcement grou|M were found extremeK raluablo The\ 
conaurted of an otpcnoncc<l surgeon a junior assistant tsix) nurses (one 
surgicnl and one amcsthotic) and two 
orderlies The\ were aupphcfl mtli an 
operating table neecssar} instrunieiils and 
a tent This mohilo unit took dut\ when 
anr particular area liccnmo congc«tc<l 
The personnel gave best somco when it 
was divided into units ginng opportiiniti 
for sleep of not Iw than six consecutiN'c 
hours Twentj four Ikuitb of unintcmipted 
doty proiod unsatisfncton 

Aerial aabolance*— Ambuinneo aero 
planes flj wounded patients to hospitals in 
Germani pmcticalU from tho liattlefiehl 
On board tho aeroplanes aro emcrgenci 
thempeutic agents including oxj gen Tins 
transportation Is not onI\ lifo-snTdng but 
as it lessons tlie time lietwcon the injnrj 
tod surgical treatment it reduces tho 
duration of convalcsccnco Tlio wounded 
fire placed m aeroplanes which carrx six 
to twelve beds and eight to twohe seated 
patients besides tho medical ofUcer • 

A •jldier »ith prol*p^r of the tmAll loteetlne Ihc 
J'wt (/ *n ebdoeun*] notiwi rewired «t 
'™JJ^»Tted b74eropln>r»txire*cb»d the opefetin* table The XtoLe* etretcher Ifotetlog peflent* 
^ dlmo at the Untreiwltr of Bredea t»o *iwi • b*lf tbo»nl tWp froin • emell b<»t 

**1' after belli* *0QndetL He recorcred (\\ T nniq* (Aflrrluu LniMfHri) 

D N Grant * outlines a plan for the rapid evacuation of wounded 
from the battloflold by air ambulance Using one squadron of twelve bi 
^tor ambulances and one of eighteen single-motor nmbulancee between. 
60 end 2 200 case* can be evacuated in twelve dajbgbt houre for distances 
^ryiiig from 100 to 000 miles 3Ian} patients too ill to be transported over 
reogli and congested roads can be taken bj aerial ambulance* to well-eqmpped 
ofiptals This contributes in no small measure to the morale of tho amiy 
itretcher — The Stokes stretebor (Fig 873) is standaitl in the 
has proved well adapted to requirements (R H Laning 



XAJrrrrO* 1»10.», It 

eutsawM jhii uwi » n*. 

a. H, rtrt s* » CT Aftk leti »i 1-oa. 
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first edition of this woik was out of date ere it was pubhshed, and it is 
particularly unfortunate that repeated lequests to he allowed to include a 
modernized version of this orgamzation have 
met With no success I have scrutmized the 
journal of the Royal Army Medical Corps m the 
hope of findmg some details winch will help to 
elucidate the elements of the mechamzed field 
ambulance, m order that we may teach the 
regimental surgeons of to-day and to-morrow 
what IS expected of them, hut agam without Damall’s megamzed stretcher- 
success The following harbmgers have been 
culled from the Russian and American surgical hterature 

Captain C R Darnall ^ U S Armj'^, stresses the need of a half-ton 




Fra 871 


Colonel Hendncks’ mechanized first-aid post The sides and roof of the shelter 
arc operated from within the tank by crank mechanism 


pick-up truck to enable the medical officer to keep movmg, and to transport 
his regimental aid post to where it is needed He advises replacmg the 

stretcher-bearer by a small caterpillar tractoi 
puffing a sledge or wheeled truck on which is 
mounted an armoured box which can be opened 
at either side for the reception of the wounded 
on a stretcher (Fig 870) 

V Gonnevskaia ^ found the conditions on 
the steppes of Russia favourable for motor 
transportation of the wounded 

Colonel C M Hendncks,^ U S Army, has 
designed a tank -like mechamzed first-aid station 
(Fig 871) The armoured steel shelter affords 
g_^ protection when essential surgical operations have 

, TT 1 1 to be carried out He has also designed a motor- 

stretcher earner cycle stretcher earner lor two patients (Pig biz) 

1 Dnmnll. C R Mthlary Surgeon, 1941, 88, 395 * Gorinowknla, V EMrurgija, 1940, 2, 12 

’ Hendricks, C M Mrlitary Surgeon, 1940, 87, 311 
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T B Alngnth* nt tho Mnj-o Clinic thev have satisfied themselvea 

b\ bacteriological ini catigntion* that of nil tlie antiseptics for the projiaration 
of the bWh incrthiolato is the most sntisfncton Denuatitis occasionally 
occurs but it w not 8o^cro indccil it is con-ndombh leas in ovidonce tlian 
when tincture of lotliuo is omploNcil 

J T Xiv* rccomnionda stcnio collodion npphod with a spraj as a final 
preparation for the skin Adiantagca claim^ are that it is transparent 
saves time in clipiung toucls to tlio skin edges hormoticall} seals skm 
organisms and i\hcn tho times conics is cnsih removed Collodion can be 
sprai-etl anth an ordinary atomiier 

Prsparation of the lorgeon i hands — A S DavIoto\ * a Russian surgeon 
prepares Ins hands for operation b\ washing them for five minutes m 0 1 
per cent h\’drochlonc acid ^nth the aid of a piece of stonle cotton vool 
Ho then wipes them mth 0 I"* per cent h^droclilonc acid in surgical spirit 
He claims that tins renders the lianda more amicrobic than any other niethod 
but lie does not state how tho skm stands repeated acid ablutions 


COBIPRESSIOK PHENOMENA 


The enuh lyndrome — R L Berubon * points out tlint so often the patient 
remains eomparati\cI\ well and cheerful while trapped but dies soon after 
release He suggests that tlio phenomenon should be 
called not the cnisb 8^mdromo but the release 
sradrome Ho further advises that mobile units should 
bo mstnicted to place a tourniquet on the trapped Lmb 
as soon as releaso lias been efTected 

1. 1 MaltUnd * tb«t op to April KUI MrvDtr«n ctt*n of tbr 
cn»h rTadrame lud bora dr^rrfWo, «Itb t%rlr« rtrotW He » cmc 
f t tain of fort) botlnl for fiftren I out*, ptonrd bj bnou «hlcb pii w t J 
onhM right am loj rlfht Irj; oho bid pA^aodDounorrortUrtv air* heron 
jimkna tmtrd tbo potiont br InjrcUooi of lapromul eortic*! rxtnct 
complete nrtrtda itirritlon and forrrd dtudi Errty form of protrin a ai 
oHkbrld for dghtreD daTO. ImproTcmrnt brgan on tho tontb daj 

D H Pitey and J t) Robertwn ads ho Intrrmlttont pi r nim to tb« 

■ffrrted Ifanb on thr i^nmption that cnKfa oyndramo U dor to of 
•ubrtonen from the ctrcnlation Into the damaged Umb Thev apply a 
poenmatle tonmiqwt and ha^ r dealffned a amiable ono for tbe k'l^rr Lmb 
»hleb » InlUted by a Vavoex motor 

G Blockbnm and W W K»y record the co^o of a man of flftr-cigbt 
' ho^ left thigh voa entrapped and craabed rnider follea moaonry On tho 
fourth dav the unnary outpot was ai knr oa 7 oo. One thnnaond cnHo 

eenthnetre^ of J per cent. aolotJon of aodiom bkoibonato giren per Tho leakm In anuria 
rectum by the dnp method About fbo fjorteenth day niDd Jannaice doe to cruah ayttdromo 
appeared- (%*irl>aiinriaraflnd 

U J LmgJand and J JJurraT oImj record a e«ae of recovery from the ingi) The oacendlng 
craw lyndrome, Thia patient oWi ^uflered from mild Jaundice, vhleb a oa Ixip of HenJe and 
noted M the aecond day In thla coae the urine dxi not become alkaline the accond convoluted 
until tho aoTenth day V hen dloreri* began, tnbulea are alnn 



J 6 Dunn M QiHospie and J S F Nivan * made affected, 

a very complete histological examination of the kidnevs of two patients who 
sueoumbed to anuna following crush ^ndrome They demonstrated that 




^*1. h«»<vt.lWl t, WO 
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BACTERIOLOGY 

C Levaditi ^ made bacteiiological studies of war wounds Of 317 
cultures, 32 pei cent contained three species of orgamsms, 19 pei cent one 
species, and 19 per cent four species Twenty-tin ee per cent contained five 
or SIX species and 7 pei cent were steiile The oiganisms most generally 
ohseived were staphylococei (8 j per cent ) , Friedlander’s bacillus , Cl 
welchn , streptococci , colon gioup , B pyocj^aneus L Colehrook ^ 
estimates that stiepto cocci aie lesponsihle for at least 70 per cent of aU 
deaths due to infection of wounds Of forty-nine positive blood cultures, 
forty-four were haemolytic streptococci 

On antiseptics m general — L E H Whitby ^ has tested in the laboratorj'^ 
manj'^ different antiseptics, and has been led to condemn them all as apphea- 
tions to wound surfaces Thej'^ are mostly “ decelerators ” of heahng 

L P Garrod ^ has investigated vaiious antiseptics and their action upon 
wounds He comes to the conclusion that 0 1 per cent proflavine is the 
best antiseptic, as it causes the least damage to tissues The emulsion of 
acriflavme of the B P C is inert because of the piesence of the oil The 
proper vehicle for the apphcation of antiseptics to the tissues is water, and 
the solution should be isotonic Cylhn, izal and dettol are also energetic 
antiseptics, and they cause no gioss damage to tissues These chemicals 
may lull or harm leucocytes in the wound, but leucocytes aie easily replaced 
J E Hamilton ® investigated the new antiseptie azochloramide on 
infected wounds He came to the conclusion that it was neithei better nor 
worse than Dakin’s solution, and the tendency to skm irritation was not less 
“ Hospital ” infection with special reference to droplet mfection — The 
most important factor m “ hospital ” infection of womids is droplet infection 
fiom throats and noses From 20 to 40 per cent of persons are nasal earners 
of staphylococcus pyogenes The Medical Research Comicil ® recommend 
that impervious masks should be worn by aU talung part in dressings or the 
preparation of matenals for diessings J W Hirshfeld and P J Laube ’ 
have proved that surgical masks reduce direct spray contamination in 89 
per cent of tests 

J Orr-Ewing et al ® investigated the bacteriology of wounds heahng 
under the closed-plastei treatment The flora appear to be much the same 
as those which infest woimds treated by other metliods As must be obvious, 
the infrequent dressing minimizes hospital infections However, mfection 
was shown to occur fairly often during reapphcation of the plaster 

Preparation of the patient’s skin — M Novak and H HaU ® contribute 
evidence which shows that soa}! and water alone is inefficient, kilhng only 
33 per cent of organisms on the normal skin The best skin cleanser is 
0 07 pel cent bichloride and 0 5 per cent tricresol in 10 per cent alcohol 
and 10 per cent acetone The solution is very inexpensive 

W H Prioleau warns us not to be beguiled into a sense of security 
by painting the skin with a coloured solution 

* Lcvndltl, (. Joi(r Amer Med I ureign Jyetler, WAO, H4, OOi 

* CoKlirook, L lint Med , 1010, 1, 448 /yffned, 1041, 1, 171 

•Vliitin.r E II Hull II nr ilM , 1041, 1, 110 < Onrrod, E P EnnreE 1040, 1, 708, 845 

* Hniidltoi), T E hentuclu Med Jour , lOiO, 37, 30S 

* Midlcal Ilosenrrli C ouncll Mcinomnduin, 1041, No 0 1 oiidon 

HIrrthrcId J M , nnd I nid)( P J .Snrffery, 1041, 1, 720 

•Orrl^iim 1 etui lint Med Im/r, 104] 1,877 •No\)i),, ’ll nnd JIdll, 11 'iurfferi/, 1030, B, 000 

•PrioUnii, V H 'xiutheru Med nnd ‘inrcr , 1041 , 103, ill 
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Prtimtlaes ol oortax — R i Lneb* th«r considerable cridence thit de-V)ir 

corticc»teraw idminlttcrcd three to honrm before opmtion nfll prevent the utoaI decreoe in 
\olTOe ftccompanjing penerul iiti«^hc^ In * opermtlon 

J PeodJer h»» irtlroc*ted the n«c of Urge quotllie-t of de*oxreortkoit crone In the treatment 
of ^l^oeL 

'<cTeT»l Inrotipitoi^ tuve tried »ith ►ome kOcee'-H to uko cortical extract or dc-OT>-cortlccr^erDne 
In tl^ prerentlon and treatment of tranmatlc abocL. J C Anb • wv» that moat of the atodlea deal 
Tith the prerentlon of khoek rather than hr cme and further Inveatlpationa are needed before this 
aorfc ean be comldrred established 

IL C. Adamr • rtater that adrenal cortical extract appeara to hare ralne rince It tend* to restore 
<aptllar\ tone ar a ell ar to aid In the redlatrlbutlon of rtoctroU te« eapecialJj of aCTinim chlomle 
The aoalofj br^een renal iDroflicienej and IranniAtle ahock aaj flrat aoggeated bv R ^ 
Kateglertal* Jlort obscrrerr, e^., H FeljaandC Do^ne hare found that cortical extract e^., 
IVreorten(Ciha) and Eocrrtor>e ( Mien A IlaobufTa), ir better than de^ircortlcoaterone acetate 
[I hare eonrteced mradf that eoetin peeparatlonr are raJoable Tbeir prevent enormoo* coat 
Emrte their aldespread nsc — H B,] 

Oxygen therapy — J ilcAIichnel ’ that even when DO per cent of 

orvgen la present in the lung alveoli it onl\ increases the amount earned 
bt the arterial blood b\ one tenth To be of any value oxvgen must be 
given m a high concentration This is achieved satisfactonU by the BJL B 
mask Since the harm resulting from poor circulation ultimatelv depends 
upon a poor oxjgen suppU to the tissues the rationale of orvgen therapy 
m shock becomes apparent J A Shepherd • foimd that m profoimd shock. 
ov^gen tberapj ^ith a B L B mask firequentlt produced obvious improve- 
ment If the patient did not tolomto the mask it nsuaUv meant that he 
did not require ox^gen "Man} patients asked for it to be reapplied if it bad 
been removed 


FAT EatBOlJHM 

Ftt embollMn ennequent opuD tnaiu H ocomDr •eva Id ihc foorth decide of bfe Akohotlo 
KQb)ccU t« more prone to the coodttlija F*t emboli att not troc emboli, for they do not ooehide s 
bloal pernmnently There ire two rmrirtle* — 

1 Ft/vowary/rt cnlo/im i« t(xLo divided Inin two rarieriee I — 

(«) A folmloiitlDg trpe muh* la the ttuwfcrence of a mnv of tiquld fat to the hmg 
It may oceor aa early as ooo and a half houn alter the injory It eatae* severe 
drapocea, cyanocU, noInKmaiy cedema, and DsuaSy death 
(6) The alow form occora hour^ or dare laler The spotum mar be bJood-ataloed and 
coctam fat. 

i CtrrCivl fat tmMum — Fai Is distributed to aO otgaoa, bat mostly to the bimln because of Its 
grenter circulsHon. Like the pulmonary form, there Is an early and a late type, Pj re i is. or hyper 
pyrexia h osnaL There ts deroenlBg coma with algDS of cortl^ irritation (Sl Spring) ' 

R F Bowera ** remarks that fat embolism is often found if especisDr looked for In necropwea 
up^ trmumatie caw. It re quir es abont mO grammes of fiU liberated Into the blood stream to 
produce a fatal result Tlie souroo of the fiat b omaDv from tissues aroond the site of Injury Fat 
emhol^ IS CreqoentlT confused with shock. The pulmonary form Is ufuaDy dlsgoo^ as pnenmoala, 
ahifc the cerebro-cardlse forms are eonfoaed with ahook 

BA- Rowlands and CFG tVakel^ “ find that the patrents are osaaHy p y r^ » U1 Thv 
traperature on an average h about 103 TacliTcardla is always {resent and the mnooos membranes 
«ten ihoT petechial hwmorrhage The admlnistratioa of oxygen is bclpfuL Bodfam desoxycolste 
nm\ enoualy m doaes of 10 o a. of a JO per cent. solutKiD glren verr alow ly in a drip Infoxfon everr 

two hours, has been advocated. 


Lo»b B-T 
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the kidnej'- lesion is hunted to the ascending hmhs of Henle’s loop and the 
second convoluted tubules (Fig 874) They favour a toxic cause, and suggest 
that uric acid and phosphoric acid maj'- well be the toxic agents, seeing that 
both these molecules have then origin in muscular tissue in the form of 
inosimc acid Such a hj’pothesis is substantiated fiom animal experiments 

(The necessity for alkahmzation of the urine is urgent See the best 
method of effectmg tins on p 956 ) 

Caisson disease — The term “ bends ” is stiictly aiiphcable to the pains 
in the extiennties, usually in the areas of joints Together vnth asphyxia 
and paralysis it constitutes one of the major manifestations of decompression 
gas embohsm Prolonged lecompression at six atmospheres, combined with 
oxj^gen therapj^, usuallj'- brings about complete lecovery A R Behnke ^ 
discusses the piactical apphcation of helium and aigon as a diluting gas for 
oxygen in lelation to deep-sea divmg and submaiine lescue. 


SHOCK 


Recording Ins experience with air-raid casualties, J A Shepherd - 
advises lemovmg all the patient’s clothing as soon as he reaches the resuscita- 
tion ward Failure to observe this rule results in injuries bemg overlooked 
Furthermore, damp clothing is not penetrated sufficientlj'’ even by the heat 
from a shock cage The degree of shock encountered in air-raid casualties 
far exceeds that seen m casualties of civil hfe Besides heat, elevation of 
the foot of the bed on an 18-in block and intravenous therapy with blood 
plasma or reconstituted serum in large doses is necessarj’- It should be 
possible to gravitate 2 pmts of plasma in twenty minutes, and furthei 
quantities up to 6 pints at a rather slowei rate as the patient’s condition 
improves 

An important piece of work was done by I D jMiller ^ showing con- 
clusively the effect of movement on a shocked patient A number of graphs 
are included which show how the blood pressure falls when the patient is 
moved 

R T Grant and E B Reeve ^ find that normal blood jiressure and pulse- 
rate, and even a good facial colour, are compatible with severe shock and 
also with a large loss of blood In assessing the giavity of a case, emphasis 
should be placed on the severity of the injury and loss of blood rather than 
the blood pressure 

The Trendelenburg position is of considerable value in the treatment of 
shock (W F Bowers) ® 

A K Bojde ® believes that low spinal anaesthesia is veiy valuable in 
the treatment of shock associated mtli wounds of the lower extremity A 
low spinal anaesthesia is not associated with a fall of blood pressure, and the 
interruption of pain stimuh is effected by the lumbo-sacral block 

A V Vishnevskiy recommends a circular block of local anaesthesia of 
an injured extremitj^ as a prophjdaxis to shock 


’ Belmke, A 1! 
’ Miller, 1 D 
* Gmnt, 11 T 
‘ Bow'crs, M 1 
' ^ l<ihnc\^kl>, 


n ar Medicmf, 1041, 1, lOb ’ Sliei)licnl, T 

Auttrahan ami Zealand Jovr Sura , lOlO U, 6, 200 
andHee^e E B JInt Med four , 1041, 2, 120 

Mildary Sargeon, 1041 89, 41 * Bo\lc, A_ Iv 

A 'S Quoted in Joar Amer Med Am , 1941, 117, 071 


A Tanret, 1941, 2, 785 

Jour n A M C , 1941, 76, 330 
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Esjtocinlh ^lien tlio jwiticnt is on (ho opemting table the o\tornnI jugiilnr 
will 19 often tlio most Miitnblo for the 
urgent ndininistmtion of fluids intm 
\cnouHh Tlio fixation of the skin and 
tlic jugular \om b\ ft loud clip facilitates 
lUnU*^ roiw* f>r ' cnl piincturo (lig SSO) (F li Tuoh\ and 
fTp<>drtlne Ini™ T S Lund\ ) * 

\fB 0 Qj fcdiiunw™- 111 onler to cxjicilito !iitm\onous 
tkmoffliii.U ndministmtion of blood or other fluids i 
in some American clinics tho ingenious hand roller 
depicted lu Fig-i 881 and HS2 is in use (R C Adams) * 

[TIh) apparatus appears most pmcticnl and it uould bo J, 
an ad\nnlago if some jirogrcssivc siirgicnl firm in tins 
countia could innko this Kiinjilc appliance — H B ] 

Fio 83* 

CAHHXJLIZATIOK FOR nTFUfilON AKD TEAHSFUSIOR Tl» hand wllrr In o*c 
E Fmnkel ^ describes a simple niotliod of t\nng a cnimula into the \ein 
A short oblique incision is made o\cr tho \cin uhich ib cleared from Kur 
rounding nroolnr tiMtio b^ tho licnk of a hniniostat in the UFunl u^l^ A 
curved cutting noe<llo throade<l ^rlth a strand of SJl^:^^orTn gut is jwisbwI 
through one skui o<lgo Iwiicnth tho ^cln and tlirougb tho other skin e<lgo 
(lig 883) Tlie oncls of tho stitch aro caught In a Jiromostat and traction 
IS oxortc<l tins olistructa tlio vein and makes it conspicuous (Fig 884) 






1'’°“*, ^ “Kl tho suture whsn tiod 

snohore the cmnula m poafion «nd doow the skre incunon A^r the 
conclusion of the tramftudon or infuaon the .mtnre to cot the remuto 
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VENIPUNCTURE 

111 Older to peifoini veiiipuiictme successfully tlie yeins must be leason- 
abl}^ 



distended Ameri- 
can siu’geons favom the 
apjibcation of hot moist 
Tuikisli towelling as a 
pielimmaiy measme 
E B Tuoliy and J S 
Lmidy ^ stiess that m 
01 del to he efficient 
these must he applied 
not puiely locallj^ hut as 
indicated in Fig S75 
Tuohy and Lundy 
sliow a method of en- 
suiing that a needle is 
within the vein when 
fluids are given hy the 
mtiavenous loute Fig 
876 illustrates the tech- 
nique hettei than woids 

W N Tayloi - makes an effective vein seekei fiom the follovnng — 



Fro 87.-) 

Correct and in- 
correct appli- 
cations of heat 
in order to dis- 
tend the leins 
pnoi to Acni- 
pniictiire 


HEMAINS COUAPStO 


UNTIL N£fOLE ENTERS VEIN 

Fro S7C 


ifethod of introducing a liollow needle comiccted 
■with an intra\cnous saline apparatus acconhng 
to Tuohv and Lundi 






Fro 877 

Taylor’s improiised \ein-scckcr 


Fro 878 

Rudder’s mechnmcal aid for venipuncture 
(G -V Manufacturing Co ) 


(1) The hariel of a 1 c c s'^Tinge, piefeiahlvof glass 
soft 1 uhhei tubing of smtahle size to fit ovei 
the bail el (3) A small serological test-tube 
about the same size as the hariel (Fig 877) 

F F Ruddei ^ has defused a handle 
which fits a hollow needle foi vempimctuie 
Witli this handle the vein can he enteied 
fai moie easily, and 
111 wew of the Awde- 
spiead difficulty of 
enteiing a vein legu- 
laily tins mstiument 
may piove a distinct 
asset (Fig 878) 

Tn the USA 
Lemsohn’s needles 
(Fig 879) aie veiy 
populai foi adimmsteiing mtiavenous fluids wa veiiqiunctuie 
made m two sizes (E B Tuohy and J S Lmidy) ^ 


(2) A shoit piece of 




Le-wisohn’s needle foi the 
administration of mtra- 
^ cnoiis fluids 


Fro SSO 

yeiiipiinctiire of the o'<cternal jugular \ cm 
Tlie towel clip technique of Tiioln and 
Lumh 


They aie 


' Tiiolii r B anil I iiniU , T S CnllcctciJ Paper* Mam Clin , liHO 32, '>1 

'Tinlor, B > Pril Mat /oar , 1941, 2, 7 m > Itiiddcr, 1 1 Ann Sard , 1941, 113, 470 
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S C D\ko ‘ WW8 that there l« little ondence tlmt nd\nntago lies cither 
with plasma or wnini Botli wjnini (Fig 88<) and plasma are now l>eing 
(Incd on a largo scale After reconstitution to their 
original hulk witli atcnlo p\TOgcn free dintdlcil 
water the\ nin\ Iw iwl in exaeth the anmo vow 
and gi\e the same results aa before desiccation i 

'«Tnncc — H 8r*rbofTKiph ■ad J C Tbomp^n* ^bow that 
nritbrt the tjnQOploWn content Dor tlie oTjpen rapacilv of the 
hVmd h Unpaired to inT important extent bv atora^ at 2 to 
5 C. forponod op to thirt\ lla^ On the other hana \ CrD*bK* 
tod JI Scarboemiflh atate that 74 per cent of the total Iettcoc\to 
are devlmved bv the tenth dar of atorape 

0 F Den-tedt rl al* aflirm that there h» geDcral ajtimnent 
that the pri«^ iK f of plneoso in j»revTvative solution jnrntlr 
Itiprme' the rtabflrty of the cr^thufe i tea In etnred l>lood 

Reactions alter trantlaxloas and plasma Inloiionj 
and their prevention— H > Tlrowcr tf of* show 
that the numlior of rcoctions occurring nflcrtmns 
fusions with storctl blood is nenrl 3 double that of 
fresh blood W lion stored blood i« uae<l a fcbnlo 
reaction u to Iw expected in aliout 20 per cent of 
transfuaona and an ob\*ioua ngor in nlK>nt > ptr Fw 887 

cent (ECO Joueabun) • _ . , , . , . 

/~i Tit. 1 Dried KTum (of pm ) It !• 

__ C T* Stewart found a reconrtltDted b% fiOJnp the 



S total rcootlon incidence of beetle up to the marie ■alth 
12 3 per ccut m tram -tra 

fusions of irtored blood not 

more tlinn foartcen davs old Ho reganU fourteen 
dux's aa the safe limit of atorago In the Homef ountiea 
the hunt nHuallx set la twont) -one da\*B 

Undulv IirenioIjTod hlcx)d ahotild not 1>© uaed 
F L Farqulionton • wnma us that a rone of htemo 
Mic discoloration (Fig 888) extending more than 
half wRj up the plaania layer la incompatible with 
safe adminurtration Tnrbiditj of the plasma auggeats 
the presence of bacterial infection and demanda that 
tho blood bo discnitlcd 

It IB cufltoniarj to pool plasma and aenuu Irefore 
storage and most of that issued for uso lias little or 
Fia 8S8 iso-ngglutuun action In giving large infndonu of 

Bottle of pre,er%ed blood. 'rare that 

iso-agglutiiuns capable of acting upon the red cells 
poi^ »mi piMm. of tho proposed recipient are absent from tlio infusion 

V./ L 

(r^r—) ^ Della Vida and S C Dike)* 

ITsk' 9 C P«rK<«iil (onumauettiofl 

11 3 t E4 HH loio 47 wr: 

SiSSir ^ 

p £Jui tvA 47 

M«. Edi.b^ iwi. 
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witlidia-uai, and a new slon sutiu-e mserted to close the wonnd Sulphan- 
ilainide pon^dei is introduced into the wound before t3nng the siituie 



BONE-MARROW INFUSIONS 

I liave einploj^ed bone-marrow infusions in a small series 
of cases and have been well pleased vutli the results Witts’ 
sternal punctuie needle was used in a number of instances, 
and it pioved effective At mj^ suggestion Messrs Dovm Bios 
have modified the collar of the needle The wings, which are 
shown in Fig 885, prevent lateral movement of the needle 
once it IS within the bone manow Down Bios have also 
made an adapter, bent at a smtable angle, for connecting the 
needle with the rubber tubmg (Fig 885) 

Foi the reception of saline, saline and glucose, and plasma, 
the bone mairow is excellent , for blood it is slow and 
sometimes unsatisfactor3'- 

INFUSIONS AND TRANSFUSIONS 

Continuous rect-al saline — The value of the rectal route for ndnunistration 
of sahne should not bo forgotten Its adiantnges are obvious, especialh m 
o\tonuatir»g circumstances The great disadi antage of the rectal route is that 
absorption is not regularly satisfactory , too often patients who need it most 
e\pel the saline To some extent this can be minimized by follomng the 
principles laid doun by Murphy The height of the reservoir should not bo 
more than one foot aboie the rectum (Fig 88C), the delnery tube should be 
of comparatively vide calibre, and his glass bulb with many perforations 
should be employed This glass bulb is not rcacbly obtainable, at any rate 
in this country A do Pezzer catheter ansvers the purpose veil It is to be 
noted especially that the tubing of Jlurphy’s apparatus 
IS not intercepted by any form of valve or dnpper, 
consequently flatus can bo expelled through the vnde 
rubber tube into the reservoir 

Intravenous dextrose — Solutions of dex- 
trose are particulai 13^ prone to cause venous 
thiombosis I’o a large extent tins can be 
obxnated b3'’ allotving a little normal sahne 
solution to gravitate into the vein at the 
conclusion of the administration before 
remoxung the needle or cannula (J H 
Tilhsch) 2 

Blood, plasma and serum — H L Mar- 
riott and A Kekwick ^ have ])ointed out 
that blood or plasma transfusion in cases 
of seveie shock should be rapid — at tlie 
rate of 1 pint per fifteen mmutes or even 
faster Tlie amount transfused depends on 
the sevent3r of shock Patients sliovong 
significant reduction of blood volume will 
lequiie U to 4 pints of blood or plasma 


Jlodifaed Witte’ 
sternal punc- 
ture needle for 
bone marrow 
infusion V ith 
adapter 



The principles of proctoch sis ns Inid dov n 
b\ Murplij 


EnierRcnci Surfien, 6tli cd Brl-itol 1042 
• Tilllacli, J H Collected Papers Mapo Clinic, 1040, 32, 42 
’ Mnrriott, H I , nnd KckvlcK, A Jlnt Med Jour , 1040, 2, 407 



S G D^ke ‘ 8a^8 that thoro ih littlo evidence that advantage hes either 
with plasma or aerunn Both Bcrum (Fig 887) and plasma are now being 

dned on a largo Bcnie After reconatitution to tlioir 

onginnl hulk with atonle pjTOgen free distilled 
water thev ma> be u*c<l in cxacth the same m.'rj 
and giro tlve same rcaulta ns before deeiccfttion 

STOB\ot — H ScBiborou^t »nd J C, Thomp>on* *how Hi«t 
iwtbCT the luemniriobln eoctcnt nor the oTypen r*p»atr of the 
bfcuDd Impaired to tnr Importint extent bv •ton^ at 2 to 
5 C. for penodj op to thirty cUy«, On the other hand. A- Croible 
atwlH 8c*jbortpvt^* itatethat 7-4 per rent of the total leneocrte* 
are dertroy^ by the tenth day of itorape 

0 F ^Ditcdt ft at* affinn that there h feoeral agrrement 
that the } icf«eD < e of irfoco^ in pre^erratire eolotfoin greatlr 
Improvea the ataUUty of the erythroeite^ in stored blond 

Reactions after tranthisioni and plasma Inlnsjons 
and their prevention— H F Brower el ul‘ show 
that the niimljer of reactions occurring nBcrtrans 
fusions Tilth stored blood la noarli double that of 
fresh blood \\Tien etored blood is iwetl a fcbnlo 
reaction la to ]>o eiipectcd m about 2b per cent of 
transfusions and an obTnona ngor m about 5 per 
cent (ECO Jeweabui^ ) • 

C P Stewart ’ found a 
total reaction incidenc-e of 
12 3 per cent m trana 
fusions of stored blood not 

more than fourteen da\-B old He regards fourteen 
daT-B as the safe hmit of etonige In the Home C ounties 
the hmit usuaUy set is tw^ntj-ono daj’B 

Undnl> hromoljxed blood should not be used 
E L Farquharaon* warns us that a sone of hfcmo 
Ijlic discoloration (Fig 888) extending more than 
half waj up the plasma layer is incompatible with 
safe administration Turbidity of the plasma BUggeats 
the preaenoe of bacterial infection and demands that 
the blood be discarded 

It IS customary to pool plasma and serum before 
storage and most of that issued for use has httle or 
no iso-agglntimo action In givmg large infhmona of 
plaama or aoram it la adviaable to make eure that 
iM-agglntminfl oapable of acting upon the red cell, 
of the propowid recipient are absent from the infriaion 
Md or If pr^t o^J- at a verr low titre (B L 
-Della Vida and S f Dvke) • ' 
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Fro 88 

Prifid Krum (50 pm.) It i* 
moindtittnl by fllUnp 
bnttl« op to the mirk with 
pyropeo tree dJitfUoii inter 
ifarrUfnm ) 


Fia 888 

Bottle of pfe^^n-^ed blood, 
ibuvmgMpumtjoD uito oor 
pomlu end plum* Ikyen, 

ikith riniT iTw iDtemeoiBtis 
u ne of j*W^ ' ^bjw tiolyn». 
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GEO illiams ’ gnes practical hints regarding the stenli/alion of bottles Since this iccencd 
attention at the Merseyside War Blood Bank there has been no trouble by contamination of blood 
or plasma Sulphanilamide in concentrations of ] ],000 to 1 '5,000 is cITcctive as a presen atne 

in blood stored in the refngerator at 2° C (R F Hiin«icke) ^ 

H F Breue'- ct al^ point out the importance of punty in the anti coagulant solution and its 
steiile preparation, and the need for scrupulous cleanliness in all the apparatus The rubber tubing 
should be cleansed with a still wire carrying a swab Strict surgical asepsis should be ohserced 
while collecting the blood, and storage carried out at 2° to 5° C 

J Vaughan and H Brown^ found that no severe reactions followed plasma infusions F 
^layner'’ pubhshes a case of death followng plasma infusion Nccropsj' showed subacute glomerular 
nephritis and multiple emboli of fibnn in the terminal pulmonary vessels and capillaries In tins 
country plasma is carefully filtered before issue, and it is passed through a filter diinng administration, 
thus fibnn emboli are most unlikely to occur 

After experimenting with vaiious drugs, ]\[ Bick and E B Dievei- 
niann ® have come to the conclusion tliat foi rapid alkahnization of the 
urine, such as is required after incompatible blood transfusion, there is no 
better method than mjectmg intravenousl3r 10 c c each of isotonic sodium 
lactate solution and a saturated solution of sodium bicarbonate To be of 
any use these drugs should be at hand for evei^' transfusion There is no 
difficulty in this,’ for Crookes Laboratories put up these drugs read}' foi 
use in ampoules 

Plasma substitutes — U Maes and H A Davis ® have used ascilic fluid 
from eases of carchac failure and portal cirrhosis as a substitute for jilasma 
Ascitic fluid IS sterile and can be stored for as long as five months at 0 “)° C 
Eift}' cubic centimetres of a 5 pei cent solution of sodium citrate is added 
to each litre of ascitic fluid in ordei to prevent fibrin clots foimmg It is 
necessaiy to cross match the ascitic fiiud with the blood of the recqnent 
The fluid IS warmed and filtered through fifteen layers of gauze befoie 
admimstiation 

Ismglass IS suggested as a substitute for plasma It is obtained fiom 
the swimming bladders of fish In experiments the fluid Avas found to 
be satisfactory Avith the exception of occasional anaphylactic reactions, 
attributed to fish protein contamination of the isinglass It is expected that 
the isolation of a purer product aviU obviate this disadvantage (N B Taj'loi 
and E T Waters) ® 


LOCALIZATION OF METALLIC FOREIGN BODIES 


C W Cutler details an effective method of localizing an opaque foreign 
bod}' in the hand Two fine AA'ires, such as tonsil snare wire, are fixed by 
strapping m such a Avay as to form a cross at the site of entrance (Fig 889, A) 
oi at the spot of greatest tenderness Radiographs are taken in two planes 
(Fig 889, B), at right angles to each other (Fig 889, C) 

J 8 Hall has overcome the difficulty of finding small metallic fragments 
in the tissues by taking a wireless set into the operating theatie and con- 
necting an insulated probe to the aerial terminal 


■ W Illiaiiw, O E O lirit Meil /oar , 1910, 2, «30 
lluiiwickc, K 1* Jin( "Med lour , 1940, 2, 100 
Ilrtwcr, H 1 , el ffl Jirit Med /oi/r , 1940, 2, 4H 

‘ Aaunlinn, J . and Brown, II I’roc Roy hor Med , 1941, 34, 201 
llaMier, 1 Jour Amer Med Aee , 1941, 116, 201 1 

• BicK M , and Drc\tniiann, E B Med Jour Auetra/in, 1041, B, 22 { 
Bnl1a’% II Eniprccnc% Suruen, utli cd BriUoI, 1942 

'Mata, I nnd]la\is, H A Arch bury 1941,42, 451 

• rT\I()r N B andWatin,, E T Cnuad Med Aee /oar , 1941, 44, 547 

t iitli r, (* V ' Sury C/iii Aorllt lairr , 1941 , 21, 485 Hall, J S 


RrtI Med Jour , 1940, 2, 011 
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Towbinfi A pjw of meffc] prodof^ a k«d, (iartctcrf tfo cbcL ” or acrotchlnc noWc fn the Jowl 
fpralrr affih a easily dWlnptd htbte froni tbr ixrfst prodnccil by loocUnn non metalUo ob}oc<-', 
Thf Tafre-oi^ialed «'t I* *» itcbfd on to fnD rolumr Tbo propramme tnn«I oot Wrliyr 

thf wt rtOJ In a wndHrc condltkm, »o that a finprr toorhlng tbc aerial terminal gir« an audible 
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fxieilkatlon of a foreifo body In the tbnmb 
(C It" eVOrr' BMtW fc# Xiarf fT A, St mirr* ^ Ce ) 

aovnd in tbe ipcakef A fev feet of airo endlDe In an Ineulated probe k conoeetfJ to the aerul 
terminal. A dktbermy bladder eIe<-trtBie attaebed to a pleee of fln^e Sex maiea an efficient aeei^ 
or a fev inebei of itont direr adre corered with ralie tnbln)t alstoet to tbe end can be nbititnted 
la either eaee the aire or tbe probe rnoit be etenllied before use 


LOCAL AV£STHESIA IH WAB ffUBOEBT 
J E H RobortB ‘ tvnmB iia that blftrt injonee of tbo longa are one of tbe 
most important contramdicationB to an inhalation anteetbetio Ab these 
long mjnnw are very common m modem warfare and as they are not hr 
any means always obyiouB there seems 

to be a defimte mdicsation for the e\ ^ ‘~l 

tended use of local anaestheeia The *' ■ ■ - - J 

hteratxire soems to mdicato that local 

amestheraa la need widely by the Rna ^ ^ 

aan mihtary enrgeonfl and that it has 

been foimd eminently satisfactory A 

verj dilute solution t e ^ per cent V 

novocain has been employ^ 

H Dodd* recommends the addition 

of indigo-carmine to local amesthetio ‘ppMmtw fbr nwtminiQg 

, . , j .. j 1. ..-i moTenoeirt daring opei^tioia ondiFr k>e»I 

solutiona in order to mdioate exaotlv 
how far the tissues have been infiltrated 

Sister Pauline * has evolved a usefol piece of apparatus for reetraimng 
patients durmg operationa under local onffisthesia In no nftnao does it 
make them feel imprisoned There is a sleeve for each arm and a strong 
tape joins the two sleeves behind the patient s back (Fig 800) 

io6 
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PRIMARY WOUND EXCISION— TECHNIQUE 

R A Gribwold ^ extols tlic metiiod of carrying out excision of a wound 
under a constant stream of sterile saline Provision should be made to 
prevent the' fluid i unning on to the operating table and soaking the patient 
A most effective gadget has been described by Henry Marble (Fig 891) 
I'lie gauze sleeve which slips over the pan is made by stitching the end 
of the fabiic togethei so as to foim a tube This supports the limb like a 
hammock It should be noted that this sleeve is not made of surgical gauze, 
vhich would be too frail Tt is made of what the Amencans call “ domestic 
hard-ware cloth ” and what we call “ dish-cloth ” The constant stream of 
saline floats up toin tissues Avhich have a poor blood supply They are thus 
easily recognized and excised Haimostasis is obtained principally by 
jiressuie A minimum of the finest ligatures should be employed The 
dissection can be carried out much moie accurately with a scalpel than 

with scissors 

R H Kennedy ^ gives instructions 
for the technique of excising a wound 
The wound is first packed with gauze 
m such a way that the skin can be 
cleansed up to the margin without 
feai of further contamination A laige 
area of skin is then shaved, scrubbed 
with soap and water foi at least five 
minutes liy the clock, ether being used 
to remove grease as necessary Aftei 
drying, the skin is painted with suit- 
able antiseptics The gloves are changed 
If local anaesthetic is to be used, it 
IS injected I'lie pack is then removed The wound surface is then 
sciubbed gently with soap and watei, and free irrigation with normal 
saline without pressure is played ovei the wound This should be 
supplied through a small jet Fresh towels are then applied about 
the wound In ordei to preserve the colour of healthy tissue, it is pre- 
ferable to woik without a tourniquet One-eighth of an inch of skin 
margin is excised An attempt is made to keep the excised area in one 
piece Wherever blood-staining is encountered, if it is feasible, this part 
IS included in the portion excised Gentle irrigation is kept up throughout 
the excision, and poitions of tissue removed are sent for bacteriological 
examination" 

S J Hoffman recoids an experience of 700 air-raid casualties when the 
skin aiound the wound was scrubbed with soap and water and painted with 
iodine The wound itself was scrubbed with a brush and dilute lysol — 2 
drachms to the pint I’liis stains dead and dying tissue a dirty grey and 
makes its recognition easy Wounds were made into open gutters as fai as 
possible 

’ Orl-iuold, II A Sonthrrn Siirarim, IQil, 10, 

• Kf IIIK rlj , K II VoimriHriil Stntr Med /oi/r , 1042, 6, 0 
’ HofTiimn, S I Jlrd Ved JoHr , 1941 , 1, TWO 
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IHFECTED WOUNDS 

A. Cnllam and -V Duff * diftcuM what the\ call wound phagndena This 
condition has been referred to m the recent litemtnre ns spreading sub 
cutaneous gangrene {Fig 802) PJingndcnn to-da^ is usuaU\ associated 
with the sloughing condition of the mate external genitalia caused b^ 
anaerobic organisms but in tho past phagndena bad a much wider apphen 
tion and was one of tho varieties of hospital gangrene Fortnnnteh 
spreading sulicutnneous gangrene w mre f allnni and Duff describe two 
cases The first followed nppcndiceetonu for acute apiienchcitis and m 
spite of even form of local and general treatment tho gangrene spread over 


the entire nb<lomlnal wall and tho 
patient died The second jmtient inui 
a man of fift\ four and tho sloughing 
process followed an operation for 
empyema Sulphonamidc therapi 
produced no Improvement Local 
treatment with aino iwroxide gnvo 
some promise bnt the condition soon 
relapsed and the patient became ven 
low and 8\Tnptom8 of confosional m 
sajutv appeal^ As a last resort tlio 
whole Blougbing area was excised 
Improvement ivas soon established 
and the patient recovered 

Urea In the treatment ol Lnlected 
woxmdf 18 praised bv F V Stonliam * 
He rofers to the work of Kirik (1015) 
who employed urea in infected woimde 
commencing in 1011 and continuing 
to practise it with enthusiasm through 
out his surgical career Kirk opened 
the abeceas dried tbe cavity powdered 
it with urea and closed the sldn with 
contmuous sutures and verv often 



Fw 89* 

bp«*diag wb«iUii«iu* gmngrwie Toiind 
pUg«dwa)foUo^nngmnop«^tkmforrTTrfn»rn. 


obtamed a first intention healing Urea i* cheap and eaalv obtained and 
Stonham s observation tends to support Kirk s enthusiasm for this substance 
Pectin in the treatment ol Inleoted wonndj — C A Tompkins ti al * speak 
highly of the treatment of wounds in general and infected wounds m 
particular with peotim To prevent the growth of fungi m the pectin aqueous 
merthiolate was added 1 200 000 Sterile gauze drewmgs ore rotated 
with the pectin solution and are changed as often as necesRaiu to keep them 
mourt By usmg game over the drwsmg evaporation is ,4dnced 

dresamga only need to be changed trvo or three timS 


fo malodom uwdatad with do«d plaatar-S L Hmg, • haa 

found that deodo^ bag, are ,ncco«rf,U nt preventmg ameU ^hoih 

— 
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they have the disadvantage tliat, in the case of tlie arm, the hand can 
neither be examined nor used freely 

After a large experience of Winnett-Orr treatment of osteomyehtis, 
A D Walhs and M J Dilworth^ have found that a 12 jier cent solution 
of lactose, dissolved in distilled watei and autoclaved, prevents the mal- 
odour of the cases treated bj'- the closed-plaster method, at any rate in cases 
of osteomyehtis They pack the wound \vith gauze soaked m this solution 
instead of vasehne gauze Smce B pyocyaneus has little or no ability to 
utihze sugar, this method does not affect its odour, which is not nearlj'^ so 
offensive as that produced bj'’ other organisms 


TETANUS 

H H Brown - suggests that it nould be a ^\isc course to perform simultaneous immunization 
agamst tetanus and typhoid for all those on active service I H Maclean and L B Holt’ confirm 
that the administraticn of cemhined tetanus toxoid and TAB is a sound proposition, and the 
reaction following the ccmhination is no greater than when one is adinmistcred alone 
H ]M Perry •' stated that 80 per cent of the B E F were protected by active immunization by tetanus 
toxoid, and that it was intended that every casualty, irrespective of pnor immum/ation, should 
receive 3,000 international units of tetanus antitoxin That the incidence of tetanus m the present 
war had been 0 OO per thousand, compared with 8 per thousand m the 1914-18 war, fully justifies 
the wisdom of the measure 

U M Firor’ gives convincing expcnmcntal proof of the efficacy of mtrathecal admmistration 
of tetanus antitoxin Dogs were given approximately double the lethal dose of tetanus toxin 
intravenously Fiftj hours later, when signs of tetanus had become manifest, they were giv^cn 
treatment When the mtracistemal route w as used for the admmistration of antitoxm, only three out 
of tliirty-six dogs died, w hereos the same dose giv'en mtravenously sav ed only six out of twenty-five 
The lumbar mtrathecal route w as rather less effective than the mtracistemal, but still much suponor 
to the mtrav enous 

In order to give adequate rest m cases of tetanus, R Spaeth ® recommends 
avertm per rectum with amylene hydrates 

H hr Davis ’ found that an injection of pentothal sodium was very 
useful in controUmg spasms of tetanus durmg a patient’s journey m an 
ambulance Ten cubic centimetres of a 1 15 solution were employed A 
generahzed spasm was induced by the pnek of the needle, but the arm was 
easily controlled by an assistant 

J Brvant and H D Fairman ® treated twenty-two patients wuth tetanus by M iL B 693, and 
bj continuous or intermittent narcosis with sodium evipan, with only five deaths The patients 
were natives of the Dmka district of the Equatorial ond Upper Nile provmces, and antitetamo 
serum w ns not av ailable Evnpan was giv en m doses to produce contmuous drowsmess, and the 
dose increased untd all convulsions had been controlled The patients were fed through a tube 
The M A B 093 was injected mtramuscularlj’^ in quantities of one tablet to 6 to 10 c c of salme 
Three to fiv e injections w ere given 


GAS GANGRENE 


Substantiation that gas gangrene occurs from anaerobic orgamsms 
harboured by clothing ratlier than the soil is afforded by A Hindhaugh’s ® 
communication Six cases of gas gangrene occurred in woimded sailors 
on boaid ship 

U Maes calls our attention to the susceptibihty of the heart muscle 


’ V\alli-< A D , and nilworth, M J JSrit Med /oiir , 1911, 1, 7C0 
’ Brovni H H 1910,2,1047 ‘FIror, W M 

’Macitnii 1 H , and Holt I B I nueet 1940,2,581 • Spactli, R 


M’trrv.H V Urd iled four 1940,2,104 
'Brvant J , and lalnnan. If II /oncrl, 1P40, 2, 203 
* HlndliaiiRli, A Jour Hoy \imil Med Serr 1941,27, 158 


Arch Sura, 1940, 41. 290 
Amer Jour J)it CJixld , 1940, 60, 130 
'Davis, H X Hrd Med Jour , 1941, 1, 14 


“• Mnc«, U Arch Sura , 1040, 41, 393 
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to tho toxin of vibnon septiquo ivluch makes it neoesaan for tho cardiac 
state to tx) inxtclicd for n long time after the patient baa recovered from 
bis infection 

\ fciT TBEUirT— 'rVlnrlo^fathl»»orkof»cb*p<er(lcTot«l to tbetrrttioent of gM ganKreno 
br dtrp \-r«T tifrmpj h*i fow In for a coeAWrabi? amonnt of adrtmt critkira Jly mind i> 
rntlrrtj" opm co thf br«n» I hare antt *cm a c«e treated bv tUi method The number of 

favi ahkh bare been ao treated In this ctrantrr la rkUcolonatv amall, and it ae«na to me to be 
fandango t all T nnaeientlflc to pa s an oplnkot oo aotnethlng »o hare not inveat^ted. In thi» 
fofioertloo I have found that tnoae aho arc tondeat In tbeir ccndemnatlon of thla Ktrm of therapy 
ha;e bad no more eiperkwe In Its o'© than myaclC. Mo cannot Ignore the recorded obaerratk*!* 
of Kugeons of the Upbe-d attatnmenta. Maes • aava i ** MTicn tho work of Kelly and otheia on X ray 
trratiient 1« cooddeird, one muet accept the faet that \ ray treatment Joweia the mortality The 
repeat of a death rate of 11 3 per cent by Kelly certainly repreaenta a decided Improeeineiit, and 
dvea inpport to Ibe eoolentkai that amputation and errtonalTe indekma abonld bo aba ndon ed. It 
i» believed that \*ray tbeiapy eanaea hvdropeo penaliio to bo generated in tbe tKaoea, and thU is 
the hnpnrtant factor In eomuatlng tbe mfcctkn H J Nightingale* a rorgeon abo had nnlqne 
eiperirnee In tbe turgieal treatment of gaa gangrene daring the 1VI14 18 war eoDaklera deep X ra\ 
th^pv fai gas panpmte Is certainly weirtby of triah It proved very locceaafDl in one case obatmd 
bv him foJlomlog a motor injury At the IMnoo Henry Uoapttal, Sydney H Ham antes that the 
•orgical staff have been jiroloandly Impeesaed by tbe reaolts of deep X ray therapy In gas gangrene 
All patients mo veved from tbr rnfertWm, and In no case has amputation been neeesiary A, J 
MiDiams and H \ lUrtrcU * analysed th^v four eases of pa' pangrene treated In 6 re rears at San 
Franelsro Hospital b\ X ray ther^r where ft has been nsed sinre 1028 'lb© forsetnu of this hospitnl 
are convinced that U h apeoAc. These authors hettove that regardJoas of what other forms of theraire 
are employ eO, all cases sbonld have the benefit of thbtnatment W H Oodby ‘points out that mobiie 
■tachliM are now pr o c m able to treat any tvpe of lesloa qidoLJy and thorou^y Of three patients 
•0 treated by Godb^ all being too lU for any furtbrv fatereentlcn, two hvtd. Prom theae reports, 
and a further stndv of tho hteratore K would appear that many Amerlean sargeoM are qoite 
co n v in ced that deep \ rav therapy is of remarkable i^oe that tbe nrgeoos In tbe British derm in Iona 
are IneOning to this view bat that tbe ovajority of those in tbe mother country have not investigated 
thb {arm of tberepy 


STJROIGAL MATERIALS AHD DRRSSIHQB 


li c at m w and auUu ea — Almost every corgeon I mrei ecsnplams abont the cakgut now available. 
Tbe grading Is inaccurate tbe tensne strength doobtfbl many of the brands arailabfe are mewt 
diSc^ toaandle some bdng very lUppevy but tbe bitterest complaints are from reactsona, S 
not actual sepsis, in dean wovmds. According to E. L. Howes, catgot encoorages infection by 
•cting as a enltnre medium. It is not w^fl tolerated by muscle cr fat, where the poor blood supjiy 
is pronbly responsible foe low-grade {uEamiDalorv reaction with consideTable induration. 


Thread — D L Davies ' rocalla that the late ^Ir A Barker Surgeon to 
Umvorsitv ( ollege Hospital ueed Imen thread for all his surgical work 
» e for intestinal sutures ligatures of arteries fascial planes and the skin 
G H f olt * remarks that linen thread can be boiled m water which is 
alkalmo without becoming rotten whereas the slighteat trace of alkah rota 

Bilk 


Coficm — H Platt * wntee that at the Manchester Royal fufirmary he has 
been employing ( oats No 40 black cotton as a cheep substitirte for linen 
thread It is boiled for five mmutes T A Hmdmarsh has emploj'od 
Coats No 24 black cotton especmllv in goitre operations with entire 
satisfaction Indeed he says it has a lot to recommend rt other than 
economy There is lees serum coUection than when catgut is employed 
and its tensile strength does not dimmish with boiling ‘ 
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K P A TaylorP an American surgeon, sa 3 >^s the disadvantages of cotton 
are that the tensile strength is lower than catgut and the interrupted suture 
teclmique, which goes vath it, is slow On the other hand, J 0 Bower ei 
al 2 state that unahsorhable suture materials have been growing m popularity 
m the United States m recent years 

P Thorek ^ saj^s that at the Cook County Hospital, Chicago, cotton as 
a suture and ligature matenal is becommg very popular It is very m- 
expensive and easj'^ to sterihze, either m a steam autoclave for ten mmutes 
at 15 lbs pressure or by boihng for twenty mmutes It has been found 

that if the cotton is ivrapped around ordniar 3 '^ rubber 
tubing its tensile strength will not be dimmished 
133'- boilmg it 

Thorek has tried to standardize the gauge, beai- 
ing m mind the estabhshed fact that the finer the 
suture material used, the better the result In order 
to avoid confusion, whicli will necessaril 3 >' foUow if 
a number of gauges are employed, he has found 
it satisfactor 3 '^ to utihze No 24 for aU purposes, 
and to date he has noticed no lU effects from so 
doing Wilde K P A Ta 3 dor advocates the use 
of cotton as a contmuous suture, most observers 
follow the teachmg of Halstead, namety, to use non- 
absorbable material onl 3 ’^ as interrupted sutures 
To obtain the best results vath cotton the surgeon’s 
assistant must be instructed to cut as close to 
the knot as possible In Thorek’s expenence cotton 
IS just as rehable in contaminated cases, e g , 
perforated appendix, as in clean cases He has 
intentionall 3 '' used cotton m grossly contammated 
wounds for the sole purpose of determmmg whether 
or not a sinus woidd form Up to the present he 

1 r/ rf rgt- ^ seen no smus develop 

Fic 893 Those who have been brought up to regard 

Pentoneum being closed wth imabsorbable sutures as heretical, ma 3 '^ con- 

a continuous No 24 black fidence, as I have done, from an illustration (Pig 

cotton thread, doubled ^ ^ ^ i 

( After h p A Tnuior) 893) appearmg m a 1941 .American journal it 

seems probable that cotton will be used widety 
and also that a small projiortion of troublesome smuses wiU follow 
— for that has alwa 3 ^s been the objection to imabsorbable buned 
sutures Perhaps the local apphcation of sulphonamide powder will 
reduce the incidence to vamshmg pomt If so a great advance has 
been made 

Vasekne gauze dressmgs — W H Ogilvie * gives details for packing a 
V ound with vasehne gauze The strips are packed mto the cavity, particu- 
larlv into aU recesses and mtermuscular planes When the Avound has 
been filled vaselme is smeared on to the skm around the woimd This is 
followed bA' a la 3 ^er of plain gauze to cover the wound 

iXTilnr K P A '^oi'lliem ‘surgeon, 19il, iO, 12j ‘Thorek,]' Amer Jour Serp , 1942, 56, 118 

' Power, J O etal Amer Jour <t„rg , 19W, 47. 20 ‘ OcU\Ie, A\ H Prarfihoner, 1940, 145, 337 
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H J AlcCiimch ‘ cleplorcfl tight plugging of ivoimds inth vaseline 
game If packing tlio wound la ovordono ho 6a\8 the vnselino gauze acts 
as a cork and its object la defeated 

A. T Forbes ’ questiona whether vnachno can bo adequately Btenbzed 
by tlie instructions ueunll^ given According to the Extra PharraacopcBia 
these rireRsinga can onlv bo stonhied by hoatmg thcni to 150 C fox one 
hour 

ZIpp — S T HofTinan * reports favourub!\ on a large senes of air raid 
casualties m xihicli the following mollified 7ipp was smeared on tlio wounds 
after primnn excision — 


7mc peroxide i 

lodofonn [ Equal parts 

Sulplianilamldo I 

Paraffin q s to make a thm paste 

\V \ Connell * bq\T! that ho tned modified 7ipp made with rmo peroxide 
and found it not nenrl\ so KAtisfactor\ as the original Zipp for it tended to 
liberate free iodine 


A method ol treating granulating axeat — A Edmunds* has had satisfy 
ing results from treating superficial granulating areas often infected as 
follows Tubes similar to Carrel s tubes nro 
sandwiched m six or moro lajors of gauze as 
shown in the diagrams (Figs 894 and 80o) 

The granulating arcfl is covenxl a smglo 
laj'er of tulle gras Tho pad soak^ m J per 
cent chloramine is then laid upon the tuUe 
gras and after jaconet and wool the whole 
IS bandaged The pad is kept moist b} m 
jecting 1 oz of fresli antisoptio flmd down 
the tubes everj six hours Under tills dressing granulating wounds heal 
readily skin grafts take well and labour is nuoimized 

An absorbent for discharging wounds — K Knowles • states that for 
discharging wounds bags filled with fine sawdust have for manv vears 
been used in a large mission hoepitol m Kashmir The\ are eaailv prepared 
and sterilized and are cheap as well as satisfacton 

Aids in the management of adhesive dreningi — One of the great dis 
advantages of flexible adhesive plaster is akin irritation produced therebv 
R F Logge ’ has Bhown that paintmg the atm with compound tincture 
of benzoin helped considerablv m preventing erythema pustules vesicles 
and bleeding 
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J Gordon • say« that often nnreee complain that if coUodion haa boon 
uaod to seal the dieesmg the utitche. are difflonlt to remOTe So often thev 
attempt to relei^ the coUodion mth ether if alcohol la need the dressing 
can be peeled ofl eaaly and the (rtrtchee removed mthont difflonHi 

AnmioiOaitin— For many veara aurgeona have been looknig for an ideal 
wiappmg matenal Caigde membrane haa held the Beldfor of a 
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Tjetter material Ammoplastm appears to have decided advantages over 
anything yet produced Lambert Rogers ^ gives the following report “ Lor 
some time efforts have been directed towards finding some substance which 
would isolate a damaged structure by preventing it adhermg to its sur- 
roundmgs and which, by ultimately becoming absorbed, would leave the 
structure concerned qmte free from its coverings Penfield ^ ei al expen- 
mented on cats by placmg various membranous materials between the 
scarified cerebral cortex and a flap of overlymg soft parts They found that 
of the materials used the best was a prepared form of human ammotic 
membrane which they called ammoplastm This was absorbed in about 
three weeks, leavmg the cortex free from adhesion to its coverings ” 

The membrane is preserved in 70 per cent alcohol and boiled for half 
an hour in distilled water just before usmg It is not unduly fragile, is 
easily handled and resembles rather thm oiled silk The site of the lesion, 
e g , part of the cerebral cortex, a sutme hne, a length of nerve, a damaged 
tendon or a structure such as the common bile duct, is weU covered with 
the membrane and as far as possible put at rest In the case of a peripheral 
nerve, this is done by placing the part in a plaster cast until the ammoplastm 
IS absorbed, i e , for about three weeks (Chao 

Lambert Rogers ■* has used ammoplastm in eight mtraeranial cases, ten cases of peripheral nerve 
mjury and in one or two other cases, such as that of an adlierent scar duo to a shell wound m the 
pophteal space He has not yet had an opportunity of reopenmg the wound and mspecting the 
ield m a case m which ammoplastm has been used, but it has so far given very satisfactory chmcal 
results In two cases of median causalgia relief of pain was immediate and striking after isolation 
of the nerve by ammoplastm Restoration of early function has been noted m cases in which it has 
been used after freemg nerve strangled m scar tissue Results are so cncouragmg as to suggest its 
contmued and further use 

A surgical glue — preparation of plasma which clots into a firm jeUy 
Dn the addition of tissue extract is described by J Z Young and P B 
Medawar ^ They have used it experimentally for jommg divided nerves 
It might prove useful for other surgical procedures 

SKIN GRAFTING 

B K Rank ® says that m 72 per cent of cases m winch the “ take ” was 
not complete, failure was attributable to surface sepsis The infection is 
usually of low grade, and causes httle disturbance to the patient’s general 
condition A Thiersch graft placed on an infected granulation surface will 
fail Inadequate pressure is another cause of failure , a pressure dressing 
should be left undisturbed for seven days 

In 191 cases Tluersch grafts were apphed to surgically created surface 
wounds, and in 83 per cent of cases the “ take ” was either complete or 
good A recently created and sterile raw surface is the ideal base for a 
Thiersch graft The widespread impression that skin will only take on 
fatty, fibrous, or granulation tissue is quite erroneous The “ take ” is 
always exceedmgly good on muscle 

jST Neuliof ^ reports the successful transplantation of a toe for a missing 
finger Seventeen years have elapsed since the transplantation 

’ Roacrs, L Personal communication 

’Penfield V Jlrit Med </oHr , 1940, 2, 008 *\oun", J Z , and Vedawan P B 1040, 2, 120 

’Chao i’ et al lint Med ^onr , 1940, 1, 517 • Rank, B K Vnl Med Jonr , 1040, 1, 840 

' Rogers ij lint Med Jour , 1041, 1, 587 ’ Xeuliof, H Ann Svrg , 1040, 112, 201 
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VASOULAE SUBGEBY 

A ponible mbstitute for heparin — Hopann is ver} expensive and its mode 
of adminurtmtion is mther complex A substance winch could be nppbed 
more rcndilv would bo welcome Sweet clover disease has long been 
known m cattle It occurs when the cnttle oat improperh prepared bay 
and the mam 8\'niptom is bleeding whicli ma\ prove fatal It has been 
shown that Coumann is the active pnnciple m the ha\ which causes 
dinumshwl coaguIabiIit\ of the blooil H R Butt et al ' working at the 
Alavo Clmic have shown oxpcnmentolK that Coumann has no ill effects 
It can bo given bv mouth and has a prolonged action The\ tlunk it mav 
replace licpann 

lU L«irf>r and II G W rrauin * m th«t Ilpfctinr of a main arterr m»y be followed br maj'iTe 

pMprrof or nunor dc g ri . »< « B»lnntntlan of the lunb Tbr'e tnclodr p*rtta] pan^rroa 
daodication u>d trophic rU^turbancr^ Manr of antovani pfamomnu cm be arcJded bv the 
friOiTafay; eTprdimta 

(а) Bj obrlaUnfc the lonered penend blood pr«*afe m #oon poMfble bv HjitAble blood troni- 

fndcKL 

(б) Bj the •obfctltotloo of •ntare foe Ufratorr Thl«, bonever 1» peoe roDj ImpoodMe Id 

voondi. 

(e) Bj TTwettag a aepmert of ‘he dAoia^Ced arteir m oppcr«ed to mnpie h^titJon. 

(rf) Bt perfbming pciiuterUi rvinp*tb^omr aboT* the ligatoro. 

(<) Bj m}eeUDg vith local aimthetle the rmpathetle plexin. 

All theae stethodv to be effk«idotii, mwt be done at ibe time of the orlffmal CTpenttai beeaoae 
throee die qoleUj 

THE HEAD 


In hair*cutting and shaving of the scalp m bead injimes V GonnevaLaia > 
working m the steppes of Russia fotmd that much time was wasted in 
cases of head mjun owing to the hair being matted with blood and eofled 
with sand Raxors and hairKrutting meobmes were soon blunted He 
advocates that professional barbers should be attached to the medical 
corps and the entire personnel be instructed b^ them m hair-clippmg and 
shaving of the scalp G F Rowbothnm * gives the foDowmg instructions 
Cut the hair short mth scissors comb it then scrub it with a sterile nail 
brush with soap and ivater and finallv shave it 

Kinety two per cent of fatal accidents to motor oyclists are duo to head 
mjunes H Cnims • considers it should be corapulsorv for all motor oveUsts 
to Wear crash helmets 


In acute cerebral compression, when other measures have failed and the 
patient s condition is desperate H von Bnesen and E M Jones • reoom 
mend drainage of the cistema magns The dangers of lumbar puncture in 
this condition are well known If the cistema magna is dramod there is 
no fear of orowdmgthe brain stem, mdeed pressure m this vital neuzhbonr 
hood IS reheved These authora effect drainage bv mskincr « »™oii ^ u 
low do^m to oco.pt,l bone to one Se 

-“8“ m«ert a 


Oocinrr tu*, \ inift**?* ***<>. «. 

jS; v 
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In a case quoted, tlie patient liad awakened from deep unconseiousness m twelve hours His 
pulse previously as 150 and Chejme-Stokes respiration w as in evidence The 
drain -uas removed on the second dav and the patient made an uneventful 
recover! These authors refer to the v ork of Ody of Switzerland, who m 
1932 reported tv o similar recoienes after drainage of the cisterna magna in 
moribund cases 

drained the cisterna magna tlirough the nuddJe 
hne b}’’ removing a portion of the first and second 
vertebrae 

F W Geib ^ recommends vitalhum plates (Fig 896) 
Fig 896 skuU defects VitalJium has not the disadvantages of 

Vitaliium skull late metal plates, for it IS electncallj'^ neutral and does not 

( After F II Geib ) coiTodc vathm the body 



THE FACE AND JAWS 

For suturmg wounds of the face F P Kintz ^ recommends nylon sutures 
which have about the same elasticity as liorseliair 

J Gordon ^ has found that hy usmg appropnate fine instruments and 
suture material, hair-hne scars can be achieved m wounds of the face The 
instruments he recommends are a small needle-holder, a pair of 4^-in 
Felclienfeld’s sphnter forceps, and silkworm 
gut on a curved cutting needle, preferably 
attached bj’’ the eyeless method Usually 
the stitch is placed contmuousty, but the 
individual loops are left loose until the 
suturmg has been completed They are then 
pulled tight, one b}’’ one, thus obtaimng 
correct apposition of the skm edges A gauze 
and coUodion dressmg is then apphed m the 
case of adults, but in children it is safer to 
cover the diessmg vith flexible adhesive 
plaster 

Fractures of the mandible — A B MacGregor^ 
describes an mgemous apphance for the treat- 
ment of fractures of the angle of the mandible 
in cases where internal sphnts are con- 
tramdicated The apphance enables direct 
traction to be apphed (Fig 897) b3'^ means of a 
vare inserted through a hole drilled m the bone 

THORAX 

Fractured ribs — B Blades ® is emphatic that the proper method to 
immobihze the chest waU m the case of fractured nbs is to place 4-m wide 
adhesive plaster to encircle the costal margin, as shown in Fig 898 If the 

1 GpII) F W Jour Amer Med , 1041, 117, 8 * JlacGrcRor, A B Frit Med J^owr, 1940 2,10 

* Klnt’r, 1 r Military Surgeon 1941,89,00 ‘Blnde«,B Sura Clin A orf// A jH«r , 1940, 20,1471 

* Gordon, J Lancet 1941 1, 7‘<« 



Fig 897 

McGregor’s apparatus for app] 3 ung 
direct traction to a fractured 
mandible 
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Tbr ctxwt tnrttvxl of tr*pp<n^ the tbon^ 
It UlnautrriAi mbrther upper or loser rib^ 
STT ffuetoinL TW* iiTilTrf«*l mrthrul faa- 
mobjllzri the tbocsnr c*pr (Jprr B ) 


plnster put on at tlio end of deop expiration it tmII not onl\ bmit the 
motion of the lower nlw but will be cqunlK ofTcctive when the upper ribs 
are injxiuxl 

In cnifhing mjunes of the thorax when a number of nb^ are fractured 
the alleviation of j»in is a prior consideration Repeated do^ of opiates 
depress respimtor\ function and invite 
pulmonni^ comphcntions S ^chnur * 
has practi«od aiiccessfulh pam\ crtebml 
injections of local nna>sthctic 

W D Brooks* has found the 

"\uflicld respirator usefiil in tho manage- 
ment of multiple fiacturca of nlw It 
obviates paradoTical movement and 
overcomes d^*Rpnfca from which these 
patients so often die 

Open woundi — In severe open tho 
rncic wounds ^I Aentm * advises 
vago sNTupathotic block About c c 
<if J per cent solution of novocain 
are mjcctwl Into the root of tho neck through a point on tho lower third 
of the antonoT Iwrder of tho stemomostoid A number of oases which 
appeared quite hopeless wore aa\cd thereb\ 

C P Tliomas * save that war wounds of the chest are second m their 
mortallt^ rate onlv to abdominal woimds Radiological evidence is mdis 
pensable and anteropostenor and lateral films ore both necesaarv When 
e^*e^ possible operation should be perfomiwl witlun sii hours of infliction 
of the wonnd The most important requiremonta for snccessfol operation 
are a skilful amestlietist a portable lamp within the thorax and on effinent 
rib spreader For the operation the patient lies on his side with a sandbag 
m the axilla Brocks cheat piece will fit any table and is a valuable aid 
A thoracotoniN wonnd of 0 or 7 in. is usnallj ample but the wound shonld 
be extended wdtboat beatation to gi\e enfficient acceag 

Tension pneumothortu — •! \ Bohrer* Ba>-8 that treatment of tension 
pneumothorax is simple but it most be prompt Plunging a trocar and 
cannnlfl lietwecn the ribs tlius allowing entrapped air to eB»cape is mdicnted 
in a reel emergenov This should bo followed bj the introduction of a 
catheter connected to a water-seal dreesing or even more simplv and more 
efBcientlv b\ what he calls a flapper tube This is a semi rigid rubber tube 
the extrcmit\ of which has been cut at an angle of 60 and a finger-stall 
IS so attached as to act as a ball valve 

Hffimothor*!— B Lmberg • gives the following mstrnctlons An m 
creasing hajmothorai extending above the nipple Ime Is dangerous In 
addition to giving transfiniion aspiration with the removal of 200 to 300 o c 
is earned out snd the same sraonnt of air is injected care being taken not 
to alter the mtrapleural P^rs If after three hour, it is co^dered th.t 
the l^orrliage is oont inning thoiacotomv should bo undertaken 

Thotacotomy should notl» performed unles, there i« evidence that the 
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In ft case quoted, IJic pftticnt lind ftwakened from deep iiiiconscjoiisncss in tneJ^o hours His 
pulse previously nas 150 and Clicyne Stokes respiration vas in o\ndencc The 
dram Mas removed on the second day and the patient made nn iine\ontful 
recover! Tliese authors refer to the ivork of Ody of Switzerland, who in 
1932 reported tvo similar reeovones after drainage of the cistcina magiia in 
moribund eases 

Ody diained the cisteuia magna thiough tlie middle 
line by removing a portion of tlie first and second 
veitebrm 

F W Geib ^ lecoinmends vitallium plates (Fig 896) 
for skull defects Vitallium has not the disadvantages of 
other metal plates, for it is electiically neutral and does not 
con ode within the bodj'^ 



Pig 890 

Vitallium skull plate 
( Af/n F ir Geib ) 


THE FACE AND JAWS 


For sutiiiing wounds of the face F P Kintz ^ lecommends njdon sutiues, 
which have about the same elasticity as hoi-sehan 

J Gordon ^ has found that bji^ using approjiriate fine instruments and 
suture material, liair-lme scars can be achieved m ivounds of the face The 
instruments he recommends are a small needle-holdei , a pair of 4] -in 
Felchenfeld’s splinter forceps, and sillavorm 
gut on a curved cutting needle, prefeiably 
attached by the eyeless method Usually 
the stitch IS placed continuouslj^ but the 
individual loops aie left loose until the 
suturmg has been completed They aie then 
pulled tight, one by one, thus obtaimng 
correct apposition of the skm edges A gauze 
and coUodion dressmg is then applied m the 
case of adults, but in children it is safer to 
cover the diessing vith flexible adhesive 
plaster 

Fractures of the mandible — A B MacGiegor^ 
describes an ingenious apphance foi the treat- 
ment of fractures of the angle of the mandible 
m cases where internal splmts are con- 
traindicated The appliance enables direct 
tiaction to be applied (Fig 897) by means of a 
V ire inserted thiough a hole drilled in the bone 



Fio 897 

McGregor’s apparatus for applying 
direct traction to a fractured 
mandible 


THORAX 

Fractured ribs — B Blades ® is emphatic that the propei method to 
immobihze the chest wall m the case of fractured ribs is to place 4-in ivide 
adhesive plastei to encncle the costal margin, as shovm in Fig 898 If the 


‘Geib 1 V foxr Amer Mrd .Ijn , 1011, 117, 8 
* Kintz, 1 1’ Miltlaril Surgrou, 1011, 89, 00 
‘ Gonlnii, T Lnucft 1011, 1, 


^ JlncGrcRor, A B lint Med /o«r , 1040, 2, Id 
* Binder, B Suru Chn A or/// Jw/rr , J040, 20, J47 I 




AP^E^DI\ 


907 


plaster is put ou at the end of deep expimtion it wiU not onI\ limit the 
motion of the loner nlw but mil be oqnnih effective wlien the upper nbe 
nre injured 

In crushing injunos of tlm tliomx when n number of nbs are fractured 
the alleviation of pom is a jinor eouaiderntion Repeated doses of opiates 


depress respirator} function and invite 
pulmonan coniphcntiona S Schnnr * 
liQB practised successfulh pnmrortebral 
injections of local anaesthetic 

At D W Brooks * lios foimd the 
^Miffiold respirator usefiil m the manage- 
ment of multiple fractures of nbs It 
obviates paradoxical movement and 
overcomes d\’Hpnfca from n hicli these 
patients so often die 



Fin W13 


Open wounds — In severe open tbo 
racK woimds AI ^ Acutin • advises 
vago-svmpatbetio block About »0 c c 
of \ per cent solution of novocain 


The coTTwt mefbod of fctrappiuf the th r»x. 
It h ImnuterW whether upper or loner nb* 
•ro fnietuml Thii uiuierwl method tm 
tnobllb^ the thortrie cwge (Jfttr a, ) 


are injected into the root of tlio neck tlirough a jioint on the lowor tJiird 
of tlio antenor border of tlio stemomastoid A number of cases which 


appeared quite hopeless were saved thereby 

C P Thomas^ aa^Ti that war wounds of the chest are second in them 
mortflhty rate onl} to alxlommal wounds Radiological evidence is mdis 
pensable and anteropostonor and lateral Olms are lx>th necessary Whan 
ever possible operation should be performed witbm sii. hours of infliction 
of the woimd The most important requirements for sncceeaful operation 
nre ft skilful nncosthetist n portable lamp withm the thorax and an efiBcaent 
nb spreader For the operation the patient hee on his mde with a sandbag 
m the axilla Brocks chest piece wdl fit any table and is b valuable aid 
A thorncotomv wound of 0 or 7 m is usuaDy ample but the wound should 
be extended without hesitation to give su/Eoient access 

Tension pneumothorax — J V Bohrer* says that treatment of tension 
pneumothorax is simple but it must be prompt Plunging a trocar and 
cannula between the nba thus allowing entrapped air to escape is mdicated 
m ft real emergency This aliould be followed b} the mtroduotion of a 
catheter connected to a water seal dreesing or even more simply and more 
effiaentlv by what he calls a flapper tube This is a semi rigid rubber tube 
the extremitv of which has been out at an angle of 60 and a finger-stall 
18 so attached as to act os a ball valve 


Hsemothormi— B LmW • give, the foUomng mrtmotiom An m 
creanng hamothomi extending above the nipple line i. dangnroM In 
addition to giving tamrfuaion aaptrabon with the removal of 200 to 300 o o 
u, earned ont the same amount of air la mjeoted care being taken not 
to a tor the mtiaplemal preamre If after three horn, it ia^den^that 
the tamorrhage i. oontmnmg thoniootomy .hould be undertaken 

Thoracotomy .hould notW perfonned unis* there le enden” that the 

fh*™- K AnJk. Iwt iMg 1*^4, n 

Sroota, WDM Bnt. Jtirr itUl 1. mt P?^**** »_Q- P Prtt Ittf Iftio M ** 

rotten a Wio 
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hsemoiiliage is progressive, but aspiration with air replacement should be 
carried out witlun twenty -four hours In penetrating wounds early removal 
of the blood is essential, the condition bemg very hable to become infected ^ 

J A Nixon 2 considers one of the most rehable signs of sepsis m a 
hcemothorax is an mcrease m the respiratory rate 

Infected costal cartilages — J V Bolirer ® states that infection of a costal 
cartilage foUowmg a stab wound is often progressive Its senousness hes 
in the fact that sooner or later all the costal cartilages on the affected side 
become involved, and to effect a cure all must be resected 

Respiratory exercises — J H Hughes re min ds us that an openmg mto 
the chest should not be allowed to close imtil complete obhteration of the 
undeilymg cavitj^^ has been confirmed radiologicaUy by the mjection of 
radio-opaque media Exercises of the MacMahon type are of great value m 
promotmg expansion of the lung J A Nixon ^ considers that blowmg 
exercises have no part m the treatment directed towards gettmg a collapsed 
lung to expand 

Chylo-thorax — Of the rarer lesiona, severance of tlie thoracic duct by a stab wound is of great 
interest This causes the so called chylo-thorax Cases have been reported in ■which enormous 
quantities of chyle have been removed Dietze reports a case in which 27 litres were removed in 
thirty-one days Hahn aspirated 29 litres during hfe and 7 htres at necropsy Fortunately, the 
thoracic duct often di-ndes m its upper portion, and there is more than one stoma emptying into the 
subclavian vein For tlus reason some patients with a chylous leak in the thorax recover (J V 
Bolirer) ® 

C J Cellan-Jones and W Murphy' record a case of chylo-thorax in a miner aged 32, follow- 
ing an injury to the front of the chest Twenty-seven pints of chyle were aspirated in eight days. 
The patient died in a state of exhaustion on the ninth day Rupture of the duct is more likely to 
occur after a large meal, when the duct is distended -with chyle Bauersfeld (1937) descnbed a 
patient with chylo-thorax whose condition steadily retrogressed until the chyle recovered by opera- 
tion w as gravitated into the median basilic vem The general condition then improved steadily 


WOUNDS OF THE ABDOMEN 


]\Iodem methods of wagmg war have mcreased the mortahty of abdommal 
wounds On the other hand, this may be shghtly counterbalanced by better 
and swifter modes of transportation to surgical aid 

G Gordon-Taylor ® finds that of hollow organs, the stomach and splemc 
flexure of the colon are most hable to mjurj'^ 

W H Ogilvie ’ says that it is unnecessary to tnm the edges of a 
perforation before closing it 

G Gordon-Tajdor ® considers that most wounds of the diaphragm m 
abdomnio-thoracic mjunes are m the slopmg muscular portion of the 
diaphragm The rent is usually small — ^half an mch or less 

B Lmberg ® advises that m thoraco-abdommal wounds the abdommal 
lesion be attended to by a separate laparotomy mcision, and not tlirough 
the diaphragm as some have recommended 

W H Ogilvie enunciates an important prmciple ]\Imute particles of 
bombs and shrapnel may cause an mtra-abdominal catastrophe by per- 
foratmg a viscus Consequently, it should be a rule that everj'^ war 


’ Alinlstn of Hcnlth Instruction.-., Appendix B, 1941, 43 
® Xlxon, J -A Bnt Mtd Jour 1041,2,24 
’ Bohrer, J V Siirg Clin Xorth Amer , 1941, 21, 371 
‘ rpllan-Jones. C J ■ nnd Murphv, W Bnl Med Jour 
• Gordon Ta^ lor G Bni Med Jour 1941,1,802,893 
■ Ophvic W H Baft Africa n Med Jour , 1941, 18 67 


‘ Hughes, J H Lancet, 1942, 1, 303 
1940, 2, 590 


’ Linberp, B Khimrgiya, 1940, 1, 3 
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casualU prewuht^ abdoramal BXTnptoma should be assumed to be due to 
an abdormnnl wound until it boa been proved to be otherwise Thoracio 
wounds are often accompanied b\ considemble abdominal pain and ngiditv 
the abdominal exTiiptoras jierhapa overshadowing those of the chest Tlie 
main points of distinction arc that m a pureU thoracic wound the rigidity 
IS Btnctly unilateral uhercas if the abdomen is imphcnted also the ngidit\ 
IS usuallv general Ogilvic favours the paramedian incision with sphttmg 
the rectus rather than dissoctmg and retracting in war surgery Before 
exnmming the abdominal contents it \a wise to roaWe a small nick in the 
peritoneum at the lower end of the incision If there is a considerable 
amoimt of intropentonenl fluid the head of the table should be raised about 
jO in and the nozzle of a sucker pushed mto the pelvis to draw off as much 
fltnd ns possible before the peritoneum la opened The ^hole course of the 
small intestmo having been examined when the perforation is foimd it should 
be marked h^ chpping a pair of forceps across the edge of the wound Ogilvie s 
advice regardmg drainage is as follows alwavs dram the extra peritoneal 
spaces and the outer layers of original abdominal 
wounds Alwa^a dram the pcntoneal cavit\ not 
for present soiling bnt for trouble expected dunng 
the next few das’s Use vnaehne gauze aa a 
drainage material not rubber tubing Having 
drained do not bo in a hnirv to uudnim 

H E Isaacs * has invented a spectacle frame 
(Fig 8W) to hold m position a gastno aspiration 
tube Tlus should prove of great general utllit^ 

Poralrtio flsai — J & Horn * oxtob the ililler 
Abbott tube combmed with contiunons mtrn 
venous sahne m a case of paralvtlo ileus followmg 
a bayonet wound 

In paralytio fleus G il Konkov * injects j per 
cent novocain about 00 to 70 c o mto the posterior part of the abdominal 
wan m order to obtam bilateral block The patient is returned to bed and 
watched for an hour while the theatre is prepared Of ISO cases bo treated 
40 paased flatus and the svmptoms were alleviated In another 25 mgtar ie^ 
this treatment combmed with an enema brought rehef If after an hour 
there is no response the probabllihee are that the obstruction is mechanical 
and operation becomes eeeential Seventv-«ix out of 139 cases or o6 per 
cent were cured by the novocam method ^ 

F«,^ flrtulB-C F Ihjon jmd J L Deulemian • find the u* of mction 
invaluable For protection of the rinn they eieot about the fistula a ramnart 
plaster reinforced by a covering of a i i -- j ■ 



Fra m 

RpKt«cle tnme hoUer for » 
wpuitioc ttiW 
Ufl'T a E Immrt,) 


of kaolm and water 


of adheave plaster 

S^naaryha,momi«e^ 'Gordon Ta^ ? hulomd thTt'^nZ^ 
hepatic hsamoirhage is nearly always fetal uuar} 

“ Blast tMomen ^ deciding whether laparotomy should bo performed 
m a case of blast abdomen W H Omlvie • find, tfi.i iraormed 
mvaluable A silent abdomen 1, in need rf ^apaioto^^ uscnltation is 

Uuei. E E Jmer Amtr MtJ Am loii i«a mi 
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N P Breden et al ^ describe the cluucal features in ten patients suffering 
from under-water blast incurred from depth charge and torpedo explosions 
The brunt of the compression was manifest by abdommal signs and symptoms 
There was vomiting with moderate hsematemesis, dianhoea \vith melsena and 
considerable testicular pain in four cases 8even patients recovered without 
operation One recovered after drainage of a pelvic abscess, and one after 
drainage of a subphremo abscess and an empyema One patient died after 
an operation for laceration of the small intestine In none of the mne 
survivors were there symptoms oi signs of seveie blast injury'’ to the lung 



Era 900 

Rent in sigmoid colon due to blast being sutured wth the aid of a 
curvbto retractor (Vnnn Jtrof JAd ) 


C P G Wakeley ^ draws attention to the value of curvhte retractois 
(Fig 900), especially m abdommal and thoracic surgery They are mvalu- 
able when the electric current fails, as may well happen under war conditions, 
for their hghtmg is independent of the lighting in the operating theatre 

RENAL INJURIES 

One of the results of ultra-mechanization of warfare is that the damag- 
ing factor tends to be a massive crushmg force rather than a penetration 
In civihan practice, too, the increasmg number of motor accidents has 
its bearing on mjunes to the kidney There is a very defimte mcrease m 

» Breden, X P , el al Bnt Med , 1942, 1, 144 »Wakclcj,C P G ranee! 1942,1, 12 


vrPFN ni\ 


071 


vfint P 0 ^nutli ‘ calls third-degree damage to the ljdne\ n damage 
which cnfls for clot e\'n(nuition and control of ha?raorrhnge or nephrectomy 
In war wounds I feel that nn attitude of ultra-conservatism would 
prove bad judgment for C Cortlon Tft\lor* records that accondar\ renal 
hreiuorrhngo wns a common complication in the 1014 18 war and Fullerton *■ 
found that 22 jwr cent of those patients who reached a base hospital bad 
tbcir lives jeopardized b\ this coniplicntioii A H Peacock * referring to 
civil injiincs states that the figures In fft^ou^ of non-opcrati\e treatment 
are conMncing 0 S Lowslo\ * comments on this situation ns follows 
I am against this theor\ I believe it is conservative to operate earh 
In cases of doubt a good rule is to follow that of 0 ^ Lowslo\ and J H 
Jlenning * who adn^ that 
every patient with an injun 
tothekidne\ whohnslucmn 
tuna for more than twent\ 
four liours should Imvo the 
injurwl kldnc^ explored 
M F Campbell ’ em 
phasitea that Indronephro 
SIS stone and long-standing ■ 
nrmarx infection are fre 
fjuent jirwhsposing factors 
m renal injure It ts ano 
matlc that a discaiscd organ 
IS more likely to snffer 
injnn than a normal one 

J C Cheothnm • shows 
that renal injuries (Figs 001 
and 002) arc more conuuon 
m the male roughU m the 
ratio of 0 to 1 Evereton 
p^•eIog^aph^ ho Ea^s is becoming nn accepted routine measure in even cose 
of jxitentml injure to the kidoev In the absence of shock this raav be done 
immediateh Tlio pi-elogram ma\ fad to show the kidne\ on the side of 
the injur\ but the presence or absence of a functioning organ on the other 
side mil 1 k 5 <llscJoscd 

R T Swan* also remarks tliat nn excretory p\*elogram is ven useful 
ill showing the presence of a fonctiomng kidnev on the other side but he 
warns us that the pyrlographlc ajipearanoes on the mjm^ side are often 
misleading csjiociaUi when the renal pelvis contains blood clot and m some 
cases the excretion of d\e is mneh delnved or absent I have found excn.torr' 
pv-dogmpln mort muleadlng m mBm of tht* cara but I .™, 

I Hnreido tliat it ig the goregt nnd earnest method of detemdni^ the 
condition of the unimpamed kldnoi (Fig 003) ennmmg tne 

Ooraoo-r«>fc>c o 



Fio-t. POl aod ca^ t\ i(h K bkr* fmra Uv froot tbp kidoev 
hB«Wetobelmpiiiged«CTlmtthe Ifthrib \\ IthsbloTrlrom 
benind It h Ihro'm •pua< the Ifrer A a re-^t of m fall 
the T««cnUr U often d«nu^red (JAfr ) 
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0 S Lowslej'- and J H Menning ^ have found that many ruptured 
kidneys can he repaired The capsule is opened along the convex border, 
and clot and loose pieces of renal parenchyma are removed After con- 



structmg slots m the cap- 
sule after the manner 
shovm m Fig 904, ribbon 
catgut IS emploj'^ed to 
hind the ruptured organ 
With this hmdmg of 
ribbon catgut, together 
with muscle graft or pieces 
of perirenal fat, adequate 
haemostasis canbe effected 
m smtable cases Tem- 
porary nephrostomy is 
advisable in addition 
C j\I jMcKenna and J H 
Kiefer ^ warn us that m 


Escretorr pyelogram m a Mse of raptured right kidne3 j-g^al repair after trauma 

( J F BraUtford ) ^ \ r i i 

a high degree or chmcal 

judgment is required to decide whether the kidney tissues are viable or 
not Procedure depends entirely upon the conditions found at operation 
M F Campbell ® advises that rather than take time to hgate a short 



Fig 901 

Repair of a raptured kidney, using ribbon gut 
{After Lotrtley and Mtnnxnj ) 


or lacerated renal pedicle m the customary manner, it is occasionallj'^ good 
judgment to rely on hsemostats which are left on The wound is closed 
with minimum through-and-through non-absorbable sutures Clamps are 


1 Loivslev, O S and Menning, J H Jour Urol , 1941, 45, 253 
* McKenna, C W, and Kiefer, J H Jour Vrdt , 1941, 45, 272 
> Campbell, M. F ‘^urg Cltn XorOi Amer , 1941, 21, 443 
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loosonc<l on tlio thml or fourth dftj >md romoNwl on tlio fifth \\ lion iiolur 
mjur) HcnonnI\ iiuohw onc-thml of tlio k|C^ne^ or lC 3 « jwrtjnl iiophrcctonn 
i<^ uaiwlK succctaful Liberal nophrostom) dmnmge should bo mnintnine<l 
in nil rescctwl or sutured kidnox’s until tho untio la olcar and tlio condition 
of the imtient thoroughl\ aatiafacton Tina is a nmttor of nt least ten da;)!} 
A L Loclavoo<l ^ coinincntnig U|»on gunshot wounds of the kidno> 
wwH oven effort aiionld bo nmdo to save the kidnoj providing tlio nrten 
\ein and ureter arc intact and tho organ \» not baddx shattered While it 
IB not COS} or ndxnsablo to auturo tho apicoii the kidnox cnjisulo nnd iKinrennl 
flit often permit of encircling Butiirca winch will control hccinorTlmge from 
tho renal cortc\ turthennoro in thi« instance mdo dmiimge can bo 
institutcil through a lumhar incision without Imnn resulting from proHsuro 
or contact with tho tube In Hccondat} renal hromorrlingo there jh no 
middle eoiirso between conscrxiitiKin and nophrectonn (C Gortlon Tailor) 

\\ hen nsKOcifttcd with otiicr intra abdoiinnnl uijuncs jiartioularl} of tlio 
hsor or spleen a transverso abilomiiial mcwioii is rocoimneudcd bx 1* G 
Snuth * Tbis nnthor also drawa attention to tho fact that rollev gnstro 
mtcstiiml symptoms nro duo to tmuina of tho ctehnu ploxns Tho Bo-enlle<l 
renal ileus rarclx cornea on until twxmty four hours after tho injnrx Fibrous 
l«nnophno changes max occur after penrenal hromatoma The> cauao 
chronic pain Free liberation of tho kidnox from ndiiemons is indicatcxl 
On woondi of the renal parenobjnxa and nephrostomy inoiiionf — 0 S 
Lowalex and J H Meaning* hoj)o that the mnttross suturo for sutunng 
tho renal parencUvnxa wiU become oheolcto It caiiae* so mnoh destniotion 
There is often nccroais in that jiort of tho kidney included in tho mattress 
The necrotic area sometimes aeiiamtcs and seeondnrx Inomotrhage results 
Binding the kidnox b\ weaxiiig nbbon catgut into tho capsule is far moro 
physiological Iroru oxponincrxtal and clinical work A Oborholtacr* hna 
wine to the conclusion that tho control of hromorrhage from a nephrotuuii 
wound b) applying a musolo graft is o aofo operation oajmble of keepuig tho 
kidney In goml anatomical and functional condition C C Higgins and 
^[cC Glaiier* coaductod a ecncs of ovpenments on the kidueia of rabbits 
which bIiow eonclusixel> that in exteusixe nophrostumj aioisions tho 
(Ifathonnx cutting ouircnt has great advantages oxer the scnhicl There m 
Icbs infarction and less o-vtmxTUiBtion of blood 


FR ACTUR ED PELVIS, WITH SPECIAL REFEEEKCIE TO RUPTURE OF THE 
DTTRAPELVIO POBTIOH OP THE URETHRA AlTD THE BLADDER 

Fracture of the iwlxos (Fig 1X»,>) lias boon common owing to the fnllinc 
ill of bomlied lionaes In manj caaos of fraotured iielvis there is a runtum 
of the unjthm (Fig 000) (T P Molliirmy) ' Air m.il canmities Jini o nsnlltod 
m an mcKB* in rase, „f bladder rupture particularly of the intmpentoneal 
txpe\r G bmith) * * 


JTrrf Jtm ^ Iflm. 1 401 
.l'™' P Unt JmtT Unt lOMi ti, i 


loS 



974 


APPENDIX 


Intrapelvic rupture of the urethra — A fiacture of the pelvib can luptuic 
the bladdei or tlie intiapelvic portion of the nietlira (Fig 907) in seveial 

ways by a direct blow , by 
penetration of fragments of the 

a > h separation of the l 

\J J symphysis pubis (A H Pea- 

cock) ^ In every case of rupture 
( uretliia the pelvis sliould 

V r ^ — N y be radiographed W R Hoina- 

day 2 has found tliat a displaced W 

rri 1 1 r spiculc of boiic somctimes gives 

The oblique fracture of the i ^ . ° I ll’ 

pelvis IS the variety U Inch Valuable information concermng 

IS most often complicated the location of a urethral tear / 

bj^ rupture of the iirctlira j jj Hamsoii ^ adviscs that m 
(.AJlerG Gordon-Taylor) intiapelviC lUptuie of Intmpelvie rupture of the 

tlie urethra, after an incision has been made above the vasation of blood and 
pubis, blood and mine should be aspirated from the '"to the prevesical 

prevesical space The bony pelvis should tlien be 
manipulated mto the best position An assistant 


b}^ rupture of the urethra 
{After G Gordon-Taylor ) 


Pro 900 


and reetovesical spaces 
( After llarntoH ) 


exerting traction on the lower extremities may facihtate tins procedure 
The bladder is then opened After a catlieter has been inseided along 
the whole comse of the uiethra in the recognized manner, Harrison has the 
patient’s legs flexed and slightly abducted He tlien peifoims penneal 
section so that blood and mine may be drained from the prevesical space 

dependently The patient is immobihzed on a 
Bradford’s frame A plaster cast is applied 
after several days when tlie patient’s condition 
permits 

R Watson- Jones ^ writes that the plaster cast 
ought to be applied witlnn two or three days at 
the latest Meanwhile the patient should be 
nursed m lateral recumbency and not on his 
back A double-hip spica should be put on with 
the patient in the lateral position (Fig 908) 
An orthopaedic table, although an advantage, is 
essential for this type of case There is little 
( After i ji Peacoci ) OT uo difficulty in accommodatiiig tlie suprapubic 

cystostomy wound The margins of a faiily 
generous window are packed with vaseline gauze The same remarks applj^ 
to the penneal wound , if the hip on the normal side is abducted widely, 
the permeal wound can be attended to easily through the window in 
the plaster 

When to remove the indwelling catheter in cases of intrapelvic uiethral 
ruptme is a difficult problem whicli has been solved by J H Harrison ^ 
in the following practical way A silk suture is used to change the cathetei 
as necessary, by the i abroad method After seveial weeks — up to six — a 
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* rincocK, A II liort/iire^t Med 1010, 39, 24K 

* Iloninilav, M 11 lour Amer Med A* ** , 1040, 114, 101 

Mlamsoii J 11 S»r(/ Gynec und Ohst , Wil,lZ, 

‘ \\ atnuu Jones, II ImetiirLa and Otiitr Uoin, ami Joint Injuries,' 2nd cd LdlnbnrKli, 1941 
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OTC 

tnni la mado to aco if it is safe to omit tho enthetor It is camwl ont thus 
The catheter is romo\ed tlio uretbm filled vntli radio-opaque medium and 



IWbfxl of mpjJjtBS doubJo-Eiip «Tik« in lb® Utoi»J poJtlno. The p*tirnt IW oo 
the rr tali <T)r unlajnml (U® (ft 

ft radiograph is taken \nth a portable unit If there is no eTtrnvnsation of 
the opaque fluid the catheter is not replaced but the silk tliread is atill 
retained ns a guide for the passage of instruments 

For loss of continuity of tlio urethra such as timt following ou intra 
peine rupture mth fractured pelvis C A Wells' 
mftk« A now urethral roof bv cutting the distal 
end of the uretlim ns shown in Fig DOO Beennse 
of the difficulty of placing the stitches m the scar tissue 
near tho bladder neck the now iwethmi roof is held in 
position b\ a single long catgut suture winch is brought 
out through the suprapubic woimd Here it is attached 
to an elastic band which in turn is stitched to the 
skin near the nntonor superior spine Bv the time 
tilts catgut tension suture cuts through the new roof of tlio urethra lias 
attaclicd itself to its bed 

EUPTURKD BLAODEB 

The principle reason why the raortaUty la so high is that an early diagnosis 
is not made H '\^eT^auoh and K A. Peterfv * find that the larger the 
opemng in the bladder the easier the diagnosis for the popular method of 
runmng in a measured quantity of atenle saline solution and recovenng 
much lees quantity is then ondent It is the small ruptures which are so 
dangerous because this test becomes fallacious Cystography is much 
more reliable The bladder should be fall\ distended mth a radio-opaque 
medium and a portable X ray maohine is used if the pabent s condition 
18 critical When there are reasonable grounds for guspecting a rupture 
it IS safer to operate than to delay 

K L, Boswortli • also stresses that the injection of an adequate quantity 
of a rndio-opaque solution followed by a radiograph la the method of election 
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to confiim a suspected diagnosis If a portable X-ray unit is available, this 
method can be accomplished without moving the patient fiom the bed 
H Culvei and W J Baker ^ pielei injection of air into the bladder, com- 
bined with radiography In cases of intiapeiitoneal ruptuie the an usually 
collects undei the diaphiagm , in othei instances the jmeumoperitoneum will 
bo seen as collections of air pockets throughout the abdomen If the rupture 

IS extraperitoneal, the air will be seen in the 
perivesical region They have not had any com- 
plications fiom the injection of an In twelve con- 
secutive cases of rupture of the liladdcr admitted 
into the Cook County Hospital, Chicago, there 
was only one deatli, a tremendous improvement 
on tile usual mortality figures for tins condition, 
'tio P C Fieri “ states that cystoscopy is the most 

A lyar in Uic biafider may bo jchable metliod of diagno,sing a rupturcd bladder 
Jicjd apart by fleparalion of (ho r i j. r i i 

pubic boncfi (7? ir«i»on Opinion it IS supeiioi to radiographic 

methods [I know by experience that cystoscopy, 
even when it is performed by a competent urologist, is not invariably a 
lehable method of diagnosis in the case of a small teai oi puncture — H B ] 
As Watson-.Iones ^ points out, the tear in the bladder may be hold 
apart by separation of the 
pubic bones (Fig 910), and no 
satisfaetoiy approximation of 
the bladder wall is possible 
until the fracture-dislocation 
has been reduced 

G Nchgan'* recoids tliat 
in the last twenty years at the 
London Hospital there have 
lieen ten cases of ruptured 
bladder, seven due to fracture 
of the pelvis and three duiing 
operations foi femoral hernia; 

Urethral fistula — E P 
Whelan '* gives details of re- 
consti action of the penile 
uiethra following wounds Very satisfactory lesults followed extensive 
lesions with loss of laige portions of the corpus spongiosum An example 
of a sliding graft to close the defect at the penoscrotal junction is shown 
in Ibg 91 1 

SPINAL CORD LESIONS— THE PARALYSED BLADDER 

On the battlefield, on the highway, or in the factor}^ aseptic catlictciiza- 
tion IS usually impossible Overflow incontinence is more desirable th.in 
immedi.ite c atheteiization (B M Nesbrt and W G Gordon)'' 

’ ( iiU( r, II , niid DiikPr, W I /wi/r f/rol , 1940, 43, r>I I 
' lliil /' I Ainrr Jour Surg , lOIO 60, 0(51 
’ \\)ilson R I’lmoiHil (oiiiiiiiiiiliiil!i)ii 

* jsdftliin C I‘ror Jlojf Sw* MrtJ 1911,34, 606 

MMiilmi, I I’ (Jimrr Ofca/ , 194 1, 72, K1 

• NesMf II M , iinil Cnr'l'iii A\ >1 Suru Ohrt lOII 73, 12H 
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Sliding graft to close a defect at the jiciioscrotal junction 
{A fter li J’ W/ielnn ) 
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F Hmmani «aj-s the best trestment of the paraljsed bladder 
foUoinng severe mjnrj of the spinal cord no matter what its location la to 
insert a snprapnbic tube immedlatel} prondmg it will be days or weeks 
before the nctun reaches an matitntion where faithfnl and tochmod manage- 
ment bv other methods can be instituted This is hia considered adnco to 
the war surgeon* 

R Kesbit and \\ G Gordon * show that traumatic lesions of the 
spmal cord and cauda eqmna ma-\ result m one of three tj-pes of bladder 
paralytfia (Fig 012) — 



A, Rtiex bk<di« B Aatottitte C, Atonic WtddeT 

Fro 015 

(Jfirr N<«u mdCw^) 


1 \\ hen tho lesion is above the conns the Bo-oalled reflev bladder 
results The patient can neither initiate nor enuse cessation of micturition, 
but 1 ft periodicaUv incontinent 

2 ^Vhen the lesion destrovs tlie conua or cauda equina the automatic 
bladder results Bladder pinscle tone is increased and the internal sphincter 
la hi'pertorac The intravesical pressure is high and retention with over 
flow results 

3 AlTien the lesion destrojn oiU\ tho sensorj patbwam of the conus or 
cauda eqmna the atomc bladder foDona There is dribbling from the 
bladder which possesaea a low intravesical pressure and has no reflex 
activity 

R M i\esbitandA\ G Gordon • state that patients with a reflex bladder 
whose intelbgenoe allows them to adapt themselves to its penodiatj can 
obtnui a sat^actorv degree of comfort and continence Those with the 
automatic bladder can sometimes be educated to emptv the organ by 
manual suprapubic compression with straining In certain case* trans 
Urethral resection of the mtemal aphmeter aids this Preftacral neurectomy 
theoretically should relax the internal sphincter and facilitate manual 
evacuation* Experience has proved that this measure is not effective 
Altemativeh permanent ftuprapnbic drainage must be eroplnyed Those 
With the atonic bladder have a relaxed mtemaj sphincter permanent 
suprapubic drainage is therefore often necessari The ideal to be obtained 

lUiiafcB, F J0^ IWl. **, 4*0 

Xe*« a. IL, Oonlan. W O Niit Orufv Otat, 1911, n, a±* 
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for every patient with a neurogenic bladder is periodic evacuation of the 
bladder, vith satisfactory urinary continence and the avoidance of unnarj^ 
sejisis Small doses of urmary antiseptics when Avell tolerated are a further 
aid in controLhng infection 

C Huggins ef al ^ find that good results accrued from presacral 
neiuectomj^ m cases of vesical atony consequent upon lesions of the cauda 
equina or sacral cord in -which the lumbar nerves were intact 

H Thomas ^ has fomid that tidal drainage of the paralysed bladder is 
eminentl}^ satisfactory providmg it is instituted at the heginning of the 
paralj’sis Tidal dramage is also useful in the treatment of cliromc cystitis 
not due to paralysis 

Cystometry, accordmg to M Muschat,® was developed for one purpose 
only, to be able to state the piesence or absence of a neurological disturb- 
ance of the unnarj'^ bladder The most practical gauge for use with a 
cystometer is the mercurj'^ manometer The pressure curve is remarkable 
for its constancy'- in the same mdindual over a period of maii}'^ years To 
interpret cj’-stometnc stud}'- properly, tliree factors must be obtamed . 
(a) the pressure curve, (b) the first desire to void, (c) the maximal voluntary 
piessure 

INJURY TO NERVES 


Causalgia — R J M Love ^ states that the burmng tjqpe of pain (hence 
its name) is thought to be due to compression of the nervi nervorum. 
The condition is most commonly seen m association with the median and 

posterior tibial nerves Physiotherapy is harm- 
ful Severe cases ma}^ require sympathetic 
ganghonectomy 

H Platt ^ says that two procedures, equally offeotiTO, have 
been used for this trying condition — 

1 Intranoural injection of 60 per cent alcohol 

2 Resection of the lesion and end to end suture 
Nerve grafting — ^This is now on a sound basis Gaps up to 3 

or 4 ui have been successfully bridged For instance, in m 
the ulnar nerve was succesrfully grafted by J L Joyce ° wth 
a segment of the mtemal cutaneous nerve of the same hmb 
H Platt ® advises that secondaiy nerve suture should not 
be undertaken until the wounds have been healed for at least 
SIX uceks, and the maximum possible nutntion has been 
restored by phj sical treatment In irreparable nerve lesions 
the choice lies in (a) bridgmg the gap by a nerve graft, or, 
(h) in certam lesions, restormg function by appropriate tendon 
transplantation 

T Z Young and P B Medauar’ have oxponmented m 
order to try to mmimize the disorganization of nerve fibres 
which 18 produced by stitclung, even if this is restneted ns 
far as possible to the opmeurium The method they have 
elaborated consists of glumg the cut ner\o stumps uith 
plasma uliich has just been mixed uith strong tissue extract Details of the manufacture of the 
plasma and the tissue extract are gix en m their paper In about tu o minutes the plasma clots 
into a firm jcll\, which sticks to the nerxes and holds the stumps together , of course there must be 
no tension The experiments uerc carried out on the sciatic nerxes of rabbits Histological studies 
are mstructive (Fig 013) 




Fig 913 

A, Sciatic nerve of a rabbit 
twenty-fix o days after junction 
made xx ith fine silk sutures 

B, Sciatic nerx e of the same rabbit 
txventy-fix'e days after junction 
made xnth plasma (After Young 

and Medmcar ) 


X Hiicdlns, C ,et al Jour Urol 1939, 41, 090 
• Thonins, n Urol and Cat U<_r , 1941, 45, 147 


® Muscliat, M Jour Urol , 1940, 43, 582 
‘Loxe, K J Al Med Prest and Circ , Wi\, 251. 


' I'latt ±1 gnmuuie meu uum , xuiu, 

Joxec J L Pnt Med Jour, 1920, 2 408 BrU Jour Siirg , 1010 6,418 
A otinK, J Z , and Alednxxnr, P B Lancet, 1940, 2, 120 
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J z \oan-* rl */ > from expCTtmfnUl data and a rerif*- at the literafurr draw ronchaHin* 
royanlina omr praft-H An autojrrafl prondn a medlam for tbr growth of nrw fibnri which h 
onlr PlurttJ\ Ics Mtl^fartoTT than a normal prriplifTal alumr It li mo»t important that the graft 
ahouid be treated aa a hrios thing and not ptwbed afth forwp* dried, or otberwiw mahreateiL 
The aoceeaa of the thin Ualiance ^ Doel grafts aa|*r»t< that amill Derrea maU better grmfta than 
large ome^ and a cabled gr^l of aeteral thin atraad* la probablj- better than a ainglr thick 
in^t ahirt in anv cav h dlfBcoJt to obtain Of taentr-ooe caaea of autograft reported br 
O Foerater* there a ere 6ve in ahleh rerorerv waa compiete Inehidlng two of the nlnar nerre 
taeire ahieh were ameiinrated twofaffirn^ aitrl two not traced 


THE APPLICATION AND REMOVAL OF PLASTEB-OF PARIS CASTS 
Croft’s pUfter — .John Croft (1831 100«>) mirgeon St TiioniftBg Hoapitnl 
London invented tlio creamed fabnc plaater After a suitable pattern had 
been cut of flannelette it was dippctl m platrter croam and moulded to the 
limb Tlio method fell into disnso It was renvefl b\ surgeons during tlie 
Spanish \\ar Unfortunately, now tliot Joo^ mesh flannelette is required 
it IS not readilv obtainable 

\\ & Oreer* girea ui'troctkai' for nuklQ* a hip aplct* from a atandard three pletT pattern rot oot 
of aeren larera of 34do CeDona Tlw oae of Dorat In the water to retard tetHng la atreaaed. 

0 FL ^ Inllewtcee * flm drtafla far applytag the oeaiDed fabric phutrr Three thieliie«a« of 
atanlard ^ater madtn mertt be nnpiored to replace one of flannelette An a*M*t*nt can cut ont the 
fabric abiM the forgeoc h completing tho operatloa. 

Crrmo orr thb raewc — Mcaaojenwaw of tbej»rt are taken from the aoend ride and 10 per 
cent It added to aOow for ahrtnLage of the fabric The proper ootbnea are then pencilled on the top 
piece of the p ro i wt aumber of thicknewea and the 
material la ent out (Fig. 014) 

The cuam — T be e o r i Tet amout of wans aater 
ta plated m a haDow boa L Tbe plaater powder 1^ 
quclJp apriokVd orcr the aurface of tbe mater mill 
it cea*ea to be absorbed, and bei os tbe aorface For 
a lower Wmb plaiter about 2 plata of water and 
4 lU, of powtVT are reqaired. The awiitant atbw 
and rnbi the miTtore into a errata and tbeo pa«sc« 
the moalln pack alowlp throogh tbe mixture llfit 
It Dp to dnun for a moment, and tbra apreadt 
It otrt oa the table makiog rare that al) tbe ahecta 
e o rreapoixL I'attern for Croft ■ plaater to eocaae the 

Amjcarrnjt — Before tbe plaater acta It I* lower Dmb. Clfirr OiHlutmeO 

moukled to tbe part and a thin larer of cream Ir 

tpread evesilT on tbe ontalde A few ttrrna of bandage are swd to bold It in place The edge# of tbe 
(abiio ihookf not quite meet 
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The slab technique for the apphcation of plaster casts using standard 
patterns save* time and mees ileasre T J Smith L Nephew Ltd have 
issued ft useful booklet Prepiiration of plaster casts and offer a set of 
patterns to users of their wide OUooa material 

Ficflltatlnf rsmovol of plaster oasts — A\ J Wilson ‘ places a length of 
motor car fan Wting IongitudiiifllI\ beneath the cost which is apphed in 
tbe usual wnj Tbe fan belting is greased so that it can be withdrawn when 
the plaster has set Thu loaves ft groove m which to opemte the blade 
of the plaster shears To ensure a good fit plaster slabs ate placed on 
either side of the beltmg before the circular turns of plaster bandage are 
applied. M Shnn-.Shm* sai-s flmt n length of rubber tubmg is as effective 
as fan belting 


t. 19W, 1. iss. 

FoefUg O Hradbfrt dcr iMnoton*. Tnl t AW. S. B«lm 
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foi every patient mtli a neurogenic bladder is periodic evacuation of the 
bladder, with satisfactory unnarj'- continence and the avoidance of urinar}^ 
sepsis Small doses of urmar}^ antiseptics Avhen ivell tolerated are a further 
aid in controlling infection 

C Huggins et al ^ find that good results accrued fiom presacral 
neurectomy m cases of vesical atonj'^ consequent upon lesions of the cauda 
equma or sacral cord in which the lumbar nerves were intact 

H Thomas ^ has found that tidal dramage of the paralysed bladder is 
eimnently satisfactory'- providing it is instituted at tlie beginning of the 
paialysis Tidal dramage is also useful in the treatment of chronic cy^stitis 
not due to paralysis 

Cystometry', accordmg to M Muschat,® was developed for one puipose 
only', to be able to state the presence or absence of a neurological disturb- 
ance of the urinary' bladdei The most practical gauge for use vath a 
cy'stometer is the merciuy' manometer The pressme curve is remarkable 
foi its constancy' m the same individual over a period of many' y'ears To 
interpret cy'stometric study' properly', three factors must be obtamed 
(a) tlie pressure curve, (b) tlie first desire to void, (r) the maximal voluntaiy 
piessure 

INJURY TO NERVES 


Causalgia — R J ]\I Love ^ states that the burnmg ty'pe of pam (hence 
its name) is thought to be due to compression of the nervi nervonuu. 
The condition is most commonly seen in association with the median and 

posterior tibial nerves Phy'siotherapy is harm- 
ful Severe cases may' leqiure sy'mpathetic 
ganghonectomy' 

H Platt ® says that t\\ o procedures, equally o£Fecti\ e, ha^ e 
been used for this trying condition — 

1 Intraneural injection of 60 per cent alcohol 

2 Resection of tlie lesion and end-to end suture 
Nerve grafting — This is now on a sound basis Gaps up to 3 

or 4 m have been successfully bndged Eor instance, m in 
the ulnar nerve was successfully grafted by J L Jo 3 'ce ° -with 
a segment of the mtcmal cutaneous nerve of the same hmb 
H Platt ® advises that secondary nerve suture should not 
bo undertaken untd the wounds have been healed for at least 
SIX weeks, and the maximum possible nutrition has been 
restored by physical treatment In irreparable nerve lesions 
the choice lies m (a) bndging the gap by a nerve graft, or, 
(6) m certam lesions, restormg function by appropriate tendon 
transplantation 

J Z Young and P B Jledau ar ' have experimented m 
order to try to minimize the disorganization of nerve fibres 
uhich IS produced by stitchmg, even if this is restncted as 
far as possible to the epmeurium The method they have 
elaborated consists of glumg the cut nerve stumps inth 
plasma uhich has just been mixed uith strong tissue extract Details of the manufacture of the 
plasma and the tissue extract are given m their paper In about tuo minutes the plasma clots 
into a firm jelly, uhich sticks to the nerves and holds the stumps together , of course there must be 
no tension The experiments uero carried out on the sciatic ner\es of rabbits Histological studies 
are mstructive (Fig 013) 

1 Hucclns C el a! Jour Urol , 1939, 41, 090 * Muschnt, M Jour Urol , 1910, 43, 582 

> Thomas H ’ Urol and Cut Iter , 1941, 45, 147 ‘ Lo^c, H J Xl Med Prew (larf C'lrc , 1941, 264 

‘Platt H Post graduate Med Jour , 1940, 16, 250 

• Tm re J L Brit Med Jour , 1920, 2 408 Brit Jour Stirg , 1919 6, 418 
’ loimg, J / , and Xlcdnvar, P H Lancet, 1940, 2, 120 




Fig 913 

A, Sciatic nerve of a rabbit 
twenty-five days after junction 
made u ith fine sdk sutures 

B, Sciatic nerve of the same rabbit 
twenty-five days after junction 
made with plasma {After Young 

and Medaicar ) 
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dit/^rlxxitft* *«omi»iiy thr mo'caUr pareljih, but nnliLe thi*, ire not wnmoent 
flrrt there li i “ gloro or rtcKLlnf;" •luwthf'U to sll fonni of •eniatioo WHa tima the 
off j doring rrem trj the patient may luffcr much from i conttnocil “ pini md 

needle* ” p«i»atioci ,.,,.n i 

< oMp/imittm * — The ehlcf carir corapbc*fk» i* a ni«*fcl\c hquefiotioei of the bioodJe* ma#ok 
probably the wult of bocterkl Crifection. Later compljcattana inohide deformity doe mainly to 
fibrmK and atrophy of the itfll aethn part of the maaculatore from dkuw, 

TrrfltaKBl (a) By ivomediate reeo(cidtlo«v and relief of the arterial obatmetk® tho caiaet of 

Ivhrtnic may be forrrialierL ThK ir portlcnlarly the earo a tth fractnrea aboot the elboa- 

the ra<1ial paNe being a D^foJ Mrrator , . , 

(6) VThm Hcharolc pairalvris has already oecurrerL the pcerenlkm of deformity and the main 
tenanee to pt^ eor»ditlrai of the ftm arttoe mnaroUr tl^roe alU U> the chief aim. of therapy lader 
tendon lengthening and U3 forth may be eallcil for 


ABtPFTATIONB 

F«poelaJly raloable I the ehapter on peneral prindpies of ampnfntions by Sir IVniinni do 
CfHjiTV UlteehT” — -laVrofw a»>i Vetr ZrofcaV Jotnutl of Sur^ry 

If ae are to hare modem aarfarr let m have imalem aui^ry and not hi quoterl examples of 
the i-urgery ofliWl " — f7ay a IIc^ptM Omrit 

(Ereerpta from rerteai of the first edition of this aorL ) 

In the fljit edition 1 a rote It has been m\ endeavour to guide the rcoder but at the aamc 
time by aaeeprng adde bigotry tocncooiago him to tbInL for hti^lf and add to the common atoek 
ofknoaledge This can only "be done by preeenllng tao eldca of the question Take for in stance 
the anbjeet of amputations. The reader can see for himself the aigumenta of tho two achools of 
thought " 

This i indeed a aorid aar and the aorW Is aide Tboso ahose boriron is limltod to the Roo- 
hampton school harken to Ihuffsw Gallic' aho apeaks after an experience baaed on 2,448 
amputatloni of the ioaer limb 


Profeawor Gallic a member of tlio Canadian Ponsionj Board statoa 
cntcgoncally that tlie Sjono amputation 10 the most satisfactory of all 
amputation stumpa That tlie mid calf stump 10 not by any means ideal 
for this stump is often blue and painful and mil not mthstand the ordinary 
liotftrds of life imIcM the patient rests for part of tho day too often the 
patient complains of phantom limb or otlior diaabibtj Slany Canadian 
penaionora haye had to submit to ro-ampntation He further states that 
tho Stokes Gntti stump mil mthstand many \oap§ of hard wear 

Hear also what the President of the Association of Limb Makers of 
Airvenca has to say C C Haddan * favonre the ^yme amputation above 
all amputations os it gives an exceUent weight bearing stump He also 
considers tliat tho Stokes Gntti amputation gives an ideal end bearing stump 
for fitting an artificial limb 

U I Hams ■ states that it cannot be too strongly emphasized that the 
end bearing amputations of Syrao and Stokee-Gntti are greatly supenor to 
all other forms in the lower extremity The Stokes Gntti amputations m 
Canada have given entire satisfaction to the patient the surgeon and the 
hmb maker Syme s has the same merits below the knee as the Stokes 
GntU above it It is essential that the patella should be firmly fused to the 
femur without tilt or lateral displacement It is a source of amazement to 
Hams and his Canadian coHeagues that the British Ministry of Pensionfl in 
a recent brochure should condemn weight bearing stumps He can attnbuto 
Its experience onlv to poor artificial limb raaki^ The Canadian Govern 
ment eetabhahed its own Lunb makiiig factory which is still working This 
resulted m direct oontrol by the suigeons who dealt with tho amotions 
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R G Bickford’s ^ method consists m laymg on the hmb before the 
apphcation of the plaster a length of 24-gauge piano wire, a s hillin g roll of 

which IS sufficient for about mnety cases To 



prevent injury to the skin the wire is apphed over 
stockinet The wire is bent back at either extremity 
of the plaster and held m position by strappmg 
The wire rusts shghtly, but this has httle effect on 
its efficiency The wire is capable of cuttmg 
through thirty layers of Cellona plaster bandages, 
a thickness of 1^ m of plaster To remove the 


Pjq gjg plaster cast one winds out the wire over an old pair 

Gowiand’s plaster trephine ^f Spencer Wells The wmdmg must be strong 
{AUen <t sanbum ) cvcn. Since sudden jerking may snap the 


ivire 


M M Gowland ^ has often seen low-grade infection developmg after the 
removal of skeletal traction pins He has also experienced difficulty m 
removing plasters where pins are in situ The plaster trephine (Fig 915) 
proved useful m removing sufficient plaster aromid the pm to allow the 
area to be cleansed before removing the pm , this does not reduce the 
strength of the cast The trephine can also be used for exploring m cases 
of suspected pressure sore 

For protectmg bony pomts mider plaster casts, pads of J-m sticky 
white felt are usually recommended W A Cochrane’s ^ preference is for 
Gamgee, because felt, especially the gre}^ vanety, maj’^ contain tetanus spores 
If felt IS used it should be stenhzed, and so should stockmet 


To maintain proper elevation of a hmb m plaster, S Sideman ^ finds 


pillows and sandbags are unsatisfactory, as 
they require constant attention Two pieces 
of wood 12m long and 1 m wide and deep 
are nailed together to form a cross By ad- 
justing the cross with a wide base, moderate 
elevation is obtained , with a narrow base, 
higher elevation For ordinary purposes a 
right-angled cross is used The cross of wood 



IS incorporated m the plaster bandage with 
the result shown in Fig 916 This appears to 
be a very simple and useful piece of techmque 


Fig 916 

Wooden elevator incorporated in a plaster 
oast {AJler Sideman ) 


TRAUMATIC ISCHZE3MIA OF MUSCLES 


Traumatic ischasmia of muscle has been investigated by Harold Burrows '> Apart from gangrene, 
tvo muscular disabibtics may bo caused by a reduction of the blood-flow — 

1 IscHiEMiA ^vITHOUT PABALYSis — A limb afflicted m this way is wasted, and when o\ercised 
soon becomes tired and subject to cramp 

2 IscH^’Mic PABALYSIS — ^I^olkmann (1881) attributed this condition to a depnvation of artenal 
blood leading to coagulation and destruction of the voluntary muscle fibres The correctness of 
Volkmann’s vieus on the etiology seems to be established (Griffiths) ® 

Physical signs — The absence of a distal pulse is the most important sign, for it can be recognized 
before ischajmic paralysis has ensued Shortly after the obstruction of a mam artery, the hand or foot 
may be cold and pale or cyanosed , inth time, reactionary cutaneous vasodilatation occurs 

The onset of muscular paralysis is rapid and may be complete vnthm the first twenty-four hours or 
less UTien exposed, the ischEemic muscles arc seen to be altered m hue, rctammg hardly a tinge of red 


* nickford, B (1 Jirit Med Jour , 1940, 1, 510 

* Goulniid, M V lAincel, 1940, 2, 130 
’ Coclirnnc, W A Lancet, 1940, 2, 140 


‘SIdemnn, S Jour Lone and Joint Surg ,Wi0, 21, 10i5 
‘ Burrows, H Personal communication 
• Grinitlis, D LI Lnt Jour Surg , 1940, 28, 230 
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atntca tlmt in aiuputaUons m infeoted casce it ib r wise precaution to 
Icftio main nrtenea long and having inserted a circular suture m the 
adjacent muscle to approximate tins overccwit over the end of the artery 
In this iraj the habibty of secondan lieemorrhage is reduced 

The prevention ol “ ipnn ” — ^Removal of a cu5 of penoateum of 1 in m 
dcptli diminishes the chances of development of a terminal exostosiB Fascia 
or a broad flat tendon makes an ideal covering for a stump but muscle over 
tlio end of the bone usually becomes converted mto fibrous tissue and 
adliores to the scar *■ 

Amputating In poor riik patlenti — H A Bnttain * finds that amputa 
tion porfoniied m the patient a bed ma^ prove a life-saving procodnre as it 
prevents the shock entailed bj the journey to the theatre and the disturbance 
of a contmuoua blood transfusion uUicb is workmg smoothly The guillotine 
ojKjratioii IS tiio one of clioice m these aevoroh shocked patients After the 
hnib has been sectioned as expeditiously ns possible the mam vessels arc 
tied Generalized ooze is ignored and bomg satisfied as to the hfemostasis 
of artones the tounuquet is tightened while sulphonamide powder is dusted 
on the mw burfaco Vnsolme gauze and wool are then apphod and bandaged 
tighth Tile tourniquet is then removed 


AFTEE-TREATMKST 

Above-knee amputetioai * — After operation tbo stump should he flat 
on the bod and not on a sandbag or pillow The latter predisposes to flexion 
of the stump which is n great (hsabiiity [Sir Wilbam Wheeler s method of 
applvmg a plaster cast to the stump 
dosenb^ in this work is an excellent 
proventotive of flenon — H B ] As soon 
as the dreaamg has been removed cr^pe 
bandaging should be commenced (Fig 918) 

A 0 m erfipe bandage should be nppbed 
firmly from below upwards preasuro around 
the stump being paduailj eased as the 
bandage is earned upwards as lugh as 
jxisaible The object is to produce a 
conical stump 

Skin traction — F B Thomas * suggests 
what would appear to be an excellent 
method After washing the stump 
thoroughlj with soap and water and 
drying it with spint and ether a length 
of well fitting stookmet is then pulled 

over the skm to cover its distal 6 in. After aU the oreosee have been 
smoothed out the stockinet in oontaot with the akin is painted hberallv 
with Beuzo Slastiche (llartmdale) to within 1 in of the skm edge The 
stockinet is then left for twenty four hours to dry when a lenirth of blmd 
oord IS tied to a knot m the stookmet 1 ft from the end of the rtump The 



Fio 91S 

(•*) Thrte *pplIc»Hoiu of bioUgo to 
mppurt the tteoe vbnnp 
(6) OomprcMlon bMdejjmg from the 
k»»CT end Eronnd the ebdomen. 

to giTe mpport over the nhole tiMe of 
the rtnmp— to the p erin eimi eJwi 
(A/Ixr E li B I itnK<MuI 
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T B Mouat ^ writes “ I have done many Sjrme’s amputations, and I 
think very highly of tlie operation, especially for a working man I always 
follow Syme’s directions, and keep the anterior mcision fiom the tip of the 
external malleolus to a point I in helow the tip of the internal malleolus 
It IS dangerous to teach younger men to commence the incision behind the 
tip of the internal malleolus, because tins may imperil the blood supply of 
the flap ” 

Above-knee amputations — The best stump of all measures 10 to 12 m 
from the tip of the great trochanter ^ The best scar is a posterior trans- 
verse one, l 3 ung about 1 ^ in above the extremit}'^ of the shaft of the bone 
It IS an advantage if the hamstring muscles are cut 1 in higher than the 
skin, there is no chance then of them becormng adherent to the scar 

Below-knee amputations — The best site is a 6-in stump of tibia ivith the 
fibula cut 1 in shorter Anteroposterior flaps are best, the anterior bemg 
twice the length of the posterior It is essential that the anteiior edge of 
the tibia be bevelled ^ 

The guillotuie ampatahon — W H Ogilvie^ states that adliesivo straps are fixed to the skin Tlio 
wound 18 dressed with vasehno gauze, and tapes tied to the end of a Tliomas’ splint Within ta enty- 
four hours all the straps except the anterior ones are soaked off by discharge, and must be reapplied 
On the third day the patient is evacuated He amves at another hospital with all the extensions 
off and the stump is already conical 

W H Ogilvic * has evidently very strong views about the guillotine amputation, for he irates 
“ The guiUotino operation is a enme which no conceivable surgical or military circumstance can 
justify ” C Max Page ‘ says that the guillotine amputation m its crude form is seldom necessary, 
and the subsequent dressmgs are always painful, and secondary lucmorrhagc is common Pago 
advocates the use of a short, circular flap, cut obliquely so that one flap overlaps the bone end 
The cavity is packed with vasehno gauze S Barling ® finds that guillotine amputations are apt to bo 
unsatisfactory and cause prolonged and painful convalescence 

Amputation of digits — L Rogers ’ illustrates the preferable sites (Fig 
917) For the thumb he agrees that it is essential to save all possible When 

it IS not feasible to save 
a stump of the middle or 
ring finger, total amputa- 
tion mth sacrifice of the 
head of the metacarpal is 
preferable to disarticula- 
tion Removal of the head 
serves to keep the correct 
alignment of the othei 
digits, so that these do 
not de^^ate towards each 
other Contrary to what 
Preferable sites for digital amputations ( After Tjamhert nogem ) jg often taught, removal 

of the head and neck of 

the metacarpal bone does not materially weaken the hand 

A precaution when amputating in infected cases — A L Lockwood ® 

■ Vlouat, T B Personnl commiinlcntlon 

* B VI S Instnictlons, 1941 

’Oclhle, VV H /.niici'/, 1040, 2, 212 

* ObU'Ic, V\ H Gull s Ilospilnl Gaz , 1040, 64, 212 

“ I’aKC, C M Jirit Metl four , 1910, 2, 77 

• Hnrllnti, S I’ant-Griiil Meil /oar , 1940, 16, 102 

MU)i{(i>, B four ftniiiil Nar Med .S^rr.lOll 27,107 

• Bnckwood, A 1, JSnt Med /oi/r , 1040, 1, IIV 
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cold IS earned ovei 
)Stockinet applied in 



Fig 919 

Skm traction applied by means of 
stockmet (After F li TItomat ) 


4 had two and 1 had tliiee 
consideiable 1102110 vein ent 


a 2 iidley and attaelied to a 4-lh iveiglit (Fig 919) 
this way Avill stand a pull of 4 lbs foi a week 01 
ten days If it is necessaiy to inspect or 
tieat the end of the stump, the coid and 
the weight are removed and the stoclcinet 
can be untied and tmned back over tlie 
stump 

Painful amputation stumps — In jihantom 
limb G M Novikov ^ j^^^ifoims circulai 
neive block with per cent novocain 
The novocain is injected aiound tlie hmb 
in the middle of tlie stum 2 i Of 40 cases 
so tieated, 35 needed only one injection, 
In 30 cases theie ivas a lasting cuie, in 3 


MISCELLANEOUS ITEMS 

Blank cartridge wounds aie not vnthout their dangeis The 2 iowdei bum 
of the skin is frequentl}'’ associated with entiy into subcutaneous tissue of 
some portion of the wad The wad is made of felted cattle hau, and often 
contains sjiores of tetanus and other organisms (C W Cutler) ^ 

Parachute injuries — W J Tobin ^ found that of tlnrty tiio consecutive pamchuto injunes, 78 
per cent sustained fractures, mostly of tlic lou cr third of the leg 

R Watson-Joncs ■* says that in the RAF compression fractures of the spine arc not uncommon 
after parachute descents or 1111011 the spine is foicibly flexed in a emsh landing 


PATHOLOGICAL SPECIMENS 

Most of the famous collection of specimens illustiating injmies of wai 
housed at tlie Royal College of Surgeons xvere destroyed by enemj’’ action 
It IS most desirable that this collection should be leplaced Piofessoi 
Geoffrey Hadfield, HiU End Hospital, St Albans, Herts, wiU be giateful to 
receive smtable specimens for the purpose 

Fixation should be earned out in a eonvenient receptacle such ns a bucket (only if enamelled 01 
tinned), a basin or a jar , the ^olume of the receptacle should bo at least tnico and preferably three 

times that of the specimen This ensures that the greater part of the -weight of the specimen is 

suiiportcd by the fluid, but cotton w ool should be placed at tlie bottom of the receptacle to prevent 
flattening Bottles Mith relatnely narrow necks, through which specimens would need to be forced, 
should be acoided The receptacle should be coccrcd with a hd, but need not necessarily be tightly 
corked 

The fixaticc used should be 4 per cent formol saline Stiongcr solutions do not give better 
fixation and tend to inhibit penetration of the tissues In the case of solid organs, with the exception 
of the brain, the fixatirc nc\cr penetrates more than about 2 in For this reason all dissection and 
trimming should bo earned out before fixation is completed ^ 

‘No\lko\,G M A/iirarim/u, 1010, 8, 0(1 

• Cutler, t V hiiru Clin Forth .Iwier , 1041, 21, tS'i 

’ Tobin, V 3 , cl at Jour Aiiier Me<t Ass . 1041, 117, IJIS 

* Wntson Jones, It Proc Hoy hoc Med , 1041, 34, 454 

‘ bpccini article Lancet, 1041, 2, 047 
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DunnefTa iDctdon for draining middle palmar 
apace 732 

BnnTan-BtannarU haf treatment of bonw, 814 
/itt tUo Benu, trratmeirt of enrriope 
Borna, 606 

after treatment of akin In, 610 
caoae^ of, 603 
cWnikad, 620 
rUaaiflcatioDa of 606 
complicated, treatment of 610 
oonite treatment of 020 
electric patboMema of 023 
treatment of 1324 

exlraahe and eeme treatment of 61* 
Wakite treatment of 323 
mortard gaa. treatment of, 623 
efface treatment of 514 


Boma — coa/rf 

of hand, treatment of, 610 
of knee enrelopo treatment of 827 
petrol, treatment of, 621 
pboapeoe treatiaent of 621 
phoapboma, treatment of, 620 
plaama tranafaakm In 600 
proteetkm toaalt for n» In Royal Isavr 606, 
600 

tcarrinjf In, 606, 814 
pnrontioD of, 610 

ahock In, primary and aecondary 606, 607 
treatment of 609 
tOTvmia In, 608 610 

treatment of araeatbeaia for 400 612,620 
Bonyan-Btannard bag 524 
coaj^nta for 611 

eJertTtJytlo aodhim hypochlorite concen 
tralim In lelatloo to acrerity of, 625 
enrelopo method, 624 
Inatrnotkin abeet for 627 
reqalrementa oorered by 624 
molta of 628 
atatca of, 523, 528 
tre&iiqae of 523 
flrat-akl, 510 

arhb antheptlo Jelly 511 
lenml. 508 
noapltai, 51* 
callno and triple dee, 512 
bath, 5)3 

aUnmrnnA, 513, 615,510 
BJe o{ piaster of Pa^ 51" 
in gaa raaaaltiea, 027 
b naral act km, 001 
plaama tranafukm, 50" 506 
mli» dreaakiga and imthv 513, 517 618 
akb grafUng. 613 618 520, 523 
tannkadd.611 512,515.51 
Boraftli infolving ampntatkm ttnmp, 7"3 


C 

Cbeoatmay b hadHary dyamtery S"0 
CkiaaCD dbraae treatment of, 060 
Camnda, FrankeFa method for tying Into rein, 
063 

Garmoliaatlon for Infadon and traoafualcin, 033 
Carbon dlotldo anoT therapy of oriental tore 884 
CarciDoma drrolopfng b bom acan, 608 
CkrtOagea, co^al, Infeotkc of 008 
laryaaeal, bjnry of, 80" 

Caaaalti^ arMpatbctbbg of, 483 
anar rcocra s from firing Uoe to 903 
coodltin of b regard to eTactation, 013 
branaportation of, 010 

factor! InflncDCbg effleienoy 010 
treatment of by flobl ambolance DOS 
Caaoalty clearing atatkm, 003 
treatment at, 908 
(rramatkA train, detafia of 016 
Cataract, tranraatJe compUeating rcn»\al of 
foreign body frotn eve 864 
Qiaaalgla. 654 533. 0" 8 
treatment of opcratlTe 0 8 
CUateiixatkm of human bltea, 043 
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Anresthetic api)amtus, 483 
choice of, 487, 489 
drugs, stocks and storage of, 484 
Anaisthetist in war tune, 

armamentarium of, ainvays, 486 
gas oxygon other maohmes, 483, 484 
diffieultics of, 484 
suggestions for, 487, 490 
Ansesthotizmg, fire and explosion risks, olimma 
tion of, 483 

working conditions and equipment in relation 
to, 483 
wounded, 483 

Analgesia, spinal block, scope of, 488 
Anastomosis, end to end, of nerves, 671 
Ankle jomt, aspiration of, 711 
drainage of, 712 

fractures near, use of Braim’s splint in treat- 
ment of, 040 

fractures of, immobilization intli Cramer 
wire, 647 

immobilization of, 706 
surgical anatomy, 704 
traction on, methods of apnlyinc, 700 
skeletal, 707 
wounds of, 704 712 
prognosis of, 707 
treatment of, 708 711 
Ankylosis of ankle joint, 704 
of elbow joint, 086 

Anti flash gear, to prevent burns, 608, 609 
Antiseptic jelly in first-aid treatment of bums, 
611 

Antiseptics, chemical, doubtful value of, 948 
for wounds of bone, 001 

Anti tetanic scrum, administration of, at mam 
dressmg station, 908 

Anuna in crush syndrome, treatment of, 949 
Aphoma in wounds of larynx, 810 
Appendicostomy in bacillary dysentery, 876 
Arch support for foot, 744 
Arm, 

lower, amputation through, 764 
prosthetic considerations, 778 
plaster bandages for, 696 604 
upper, amputation through, 763 
prosthetic considerations, 778 
Army, Bntish, care of soldier, 907 
medical directorate of, 900 
medical services of, advanced and base 
depots of medical stores, 900 
ambulance trams, 906 
casualty clearing station (CCS), 906 
convalescent depots, 906 
field ambulance, 904 
hygiene sections, 900 
general hospitals, 905 
hospital ships, 900 

mobile bactcnological laboratories, 900 
hygiene laboratones, 900 
neurosurgical units, 900 
motor ambulance convoy (JI AC), 905 
organisation of, 904 
regimental medical establishment, 904 
transfusion units, 900 
Aithritis 

complicatmg bacillary dysentery, 870 


Arthritis — conld 

infective, of ankle joint, 711 
of hand, 733 
of wnst-jomt, 089 
Arthrodesis of shoulder-jomt, 081 
Ascitic fluid, use of, as substitute for plasma 966 
Asepsis, maintenance of, m middle car injury, 
791 

Aspiration of liver abscess, 871 

tube, gastric, spectacle-frame holder for, 909 
Astragalcctomy, 708, 739 
Astragalus, injuries of, 739 
Avortm, use of, m tetanus, 900 
Azochloramido, value of, ns antiseptic, 948 


B 

Bacteriological laboratories, mobile, 900 
Bnetcnology of wounds, 948 
Baghdad boil, 883 
Baldivin’s wrist-jomt operation, 089 
Balkan beam, use of, in conjunction with Thomas’ 
splint, 028 
Banjo splmt, 062 

Barbiturates, intravenous use of, 489 
“ Bonds,” treatment of, 960 
Benzyl sulphnmlnmide, 491 
use of, m erysipelas, 498 
Biclilorido and tncresol, use of, as skin prepara- 
tion, 948 
Bilharziosis, 879 

Bites, snake and human, treatment of, 946 

"Black disease,” 884 

Bladder, 

atonic, symptoms and treatment of, 977 
automatic, symptoms and treatment of, 977 
bilharziosis of, cystoscopic apjicamnco of, 881 
paralysis of, in spinal injuries, treatment of, 
970 

reflex, symptoms and treatment of, 077 
rupture of, in fractures of pelvis, treatment 
of, 973, 976 

Blast, effects of, on abdomen, 970 
B L B mask See Boothby mask 
Bhstcnng gases, effects of, 816 
“ Blood bank,” \aluo of, 929 
Blood, 

bank bottles, sterilization of, 960 
concentration of sulphonamidcs in, 493 
dyscrasias in sulphonamido therap 3 , 601 
examination of, m liver abscess, 870 
pressure m assessment of shock, 960 
stored, changes in, 966 
transfusion, 964 

collection of blood, importance of asepsis in, 
950 

in naval casualties, 902 
m shocked patients, rate of administration, 
964 

m sulphonamido reactions, 501 
service in E Jf S , 929 
stored blood, precautions in use of, 955 
reactions followmg, 966 
units, 900 

use of Cramer wire in, 048 
of ivholc blood, 900 
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E 

n«r 

e^tenaJ m«tQi of Injorrof, trc«tiofnt of "85 
womd^ »nd trtui of ^8.3 
InjurV* of, "85 
coaip)lc*tIcrn« of, "DS 

tntenttl, frmotnro of b»*o of tkiill iDrol^ fng 08 
prartr»tlng wonndj of, "08 
traumatic diatarbaocT* of rtioiogy and 
pathology of "Ofl, "0 
prognmii and tTratmcnt of "9 8 
aijDi ■od avmptofD' of "9" 
middle fracture of hw of atufl Inrolring "05 
tajurin of 788 
doe to cxpkwlaca, 80 
due to pre*«re 80 
Hloka] algiM of, 7^ 
patholo^ of, 83 
prcTcntiMiof 83 
prognoata of "B1 
aymptontt of 88 
pewtratin*. "01 
treatJOCfTt trf “01 

cBirdoo vltboat perforatkm, "0* 
plnga, adrastagra and doadrautagn ol, 788 
Edmtm^ aaodwicli drcaring for graonlatlog 
arcaa, 003 
ETbew feint 
ampetatioo at 754 
an^kicla of, 645 
drainage of 6S3 

fnctom of, Imreobflkatloo with Crawr afar 
5U 

plartcf bandage for 000 
imniobllisitiaD ot 685 
omro-anatooiy of 683 
plaater bandage for fiOO 
reacotioD of 680 
nn^^^cal anatomy of 682 
aynoTud membriw of 69* 

»ooiida of 682 68" 
treatinciit of 681 
port -opera tire 683 
Eleotri^ bnrna, SS3 

reactlona following nerro Injury 55" 674 
ISeotrofytio aodntm hypochlorite, uae of, in 
treatnnt of buma, 525 
oonocntratlcm of In relation to aererftr of 
526 
b 

I fat. 051 

Emergency Hedloal Sorrke 
adminirtcatlre of&cera, 618 
blood tranafoako acrrico, B20 
caanaltT horpital organnatHMi, 920 
hoeprtaJ orgaoiaatdon In, 91 


mobile auigiual team peraoaoel ar>H n]nip- 
ment of, 029 
reeiacitatioTL team, 830 

Erne One btanutb Iodide, oae of. In hepatitir, 6tHl 
Emphyacma, aurgkal, 

coeapheatlng orirtal aoanda, 824 
pcnetratnig wounda of larynx, 610 
Enccphalrtia compbcating car Injury treatment 

Endotracheal aiMertteaia, 465 486 
Enrclopo method of treatlag burm, 524 


EpbUdyrota, abacew of, anxebfe 8“3 
Eplgiottia, Injuiica of 806 
Erycipclaa, chenjothcrapy of 40S 
Eamarch a bandage nae in operathc treatment of 
aonnds of hand, 717 
Eapondia, 885 
EaqulDectomr 661 

Fthmoidal alnnaea. 

fnjarW of treatment of 805 
peoctratlng woonda of, treatment of 805 
EtiiiBoidectoiiiy citemal, for foreign bod> 806 
PracDatloD 
of caauaitiea, 006 

tim e taken, fonunla for 013 
aectlon of B-.SlS. caaualtr hoapital 023 
Friaceration, troatmeot of, flrrt aid, 044 
Er e r cla ca In Mere iojnrlea, 578 

respiratory in thorado woimda, 008 
Eipiotfrea effect of, on middle ear 36 
Erienaloci, appUcatioD of. ficat-aid methoda of, 
621 

methoda of, 61 

Ertra-ocnlar mnacW, woaoda of. 623 
treatment of, 628 
Eye anaatbetizatlon of, 810 
anterior chamber remoral of foreign body 
from, 858 
baOdDKof. 847 
buna cif. treatment of, 51* 
foreign bodiea in, rrEDonl of 857-865 
eompircatioDa of, 86S 
injuriea of doe to gonabot w om a d a, 621 
pr^ection of againat poiaon gaaea, 835 
Ei^ball, eSeet of poface guea cm, 635 
enmination cf p e jo r t ting woimds of, 815 
eatUoQ of, 856 
forei^ bodxa in. 630 
retnoral of, 840 

Injnrica of. non perforating 635~841 
perforating, 84.>-86o 

Evebrow recona tru c U on of, plaatic 830 
Eyelid, buna of, treatment of, 612, 514 610, 830 
iDjurica of treatment erf, 
reewiatrnotion of, plaatic, 831 
WOTDda of, treatment of, 831 


F 

Pace buma of, treatment of 514 
•uTBerT of, team for 006 
wwmoa erf emergency treatment of 044 
■uture of. D66 

Pkfquharion a pulp traction frame 621 
Faacial apacca of band, infecdon of "31 
Fbadotoeoy in clectde bcm. 624 
ftt emboham, traumatic, 051 
Femur fracttuca of, 

ampaUtkm through thlgb hu 61 
etanpounrf, treatment ^ 662 
uae of Braun a apllnt In, 640 
erf Tbomaa aplint, 624 
•oqowtfTeotocny of, (Tt 
Ftimla escisioa of, 662 

fracture of, cemponnd. treatment of 062 
acquertreo t omv of, 0~2 
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Cellulitis in wounds of lai yn\, treatment of, 813 
of orbit, treatment of, 828 
Cerebral eompression, treatment of, OB') 
fat embolism, 961 
Chemieal burns, 620 
warfare See Gas, poison 
Chemotherapy, 491 
administration of, technique of, 493 
blood concentration in, importance of, 493 
choice of compound, 494 
complications of, 601 
considerations governing, 491 
dosage in, 493 
general measures in, 600 
indications for, 491 
for discontinuing, 601 
intravenous administration in, 494 
local applications, 490 
rationale of, 491 

use of, in car injuries, 792, 793, 794, 790, 798, 
799 

in general diseases, 498 
in infected wounds, 494 
See also Sulphonamide, Sulphanilamide, etc 
Chest See Thorax 
Chlonne, effects of, 816 
Chloropicnn, effects of, 816 
Cholera, treatment of, 887 
Choroid, injuncs of, treatment of, 841 
Chylo thorax, treatment of, 908 
Ciliary body, injuries of, treatment of, 841 
Circulatory obstruction by plaster of Pans 
bandages, 594 
prevention of, 696 

Cistema magna, drainage of, in acute cerebral 
compression, 906 
Clavicle, sequestrectomy of, 074 
Closed plaster method, 

bacteriology of wounds, 948 
prevention of malodour in, 969 
technique of, 694 

Cold, effects of exposure to, general, 630 
local, 633 

Colitis, complicating hepatitis, treatment of, 809 
Colics’ fracture, plaster bandage for, 597 
Collodion as skin preparation, 949 
Colon, stenosis of, following bacillary dysentery, 
877 

Compression phenomena, 949 
Conjunctiva, bums of, treatment of, 831 
foreign bodies m, removal of, 840 
visor flap, formation of, 862 
wounds of, perforating treatment of, 840 
Conjunctivitis complicating bacillary dysentcij, 
877 

Consulanydc, 491 

Contracture following amputation, prevention 
of, 782 

Convalescent depots, army, 905 
treatment at, 909 

Copenhagen method of artificial respiration, 944 
Copper particle in eye, effects of, 866 
Cordite bums, treatment of, 620 
Cornea, abrasions of, treatment of, 840 
foreign bodies m, 840 

ulceration of, comjilicatmg orbital injuries, 826 
treatment of, 828 


Cornea — conld 

wounds of, perforating, treatment of, 840 
treatment of, operative, 849 
Cortin, use of, in shock due to bums, 510 
Coumann as substitute for heparin, 905 
Cramer wire banjo splint, 062 
method of padding, 043 
use of, during blood transfusion, 048 
first aid, 062 

in covering plaster wmdovv, 061 
in immobilization of hand, 721 
in immobilization of limb, 043 063 
Creamed fabric plaster, preparation of, 979 
Cncoid cartilage, fracture of, 808 
Croft’s plaster, 979 
Crush syndrome, treatment of, 949 
Cuboid bone, displacements of, treatment of, 739 
Cuneiform bone, displacements of, 739 
Curvlitc rctractois, value of, 970 
Cutler’s method for localization of metallic 
foreign bodies in hand, 960 
Cyanosis in sulphonamide therapy, ti’catment 
of, 601 

Cycloprojianc, use of, 488, 489 
Cyllin, value of, as antiseptic, 948 
Cystogiuphy in mptured bladder, 975 
Cystometrj', interpretation of, factors gov craing, 
978 

D 

Dagenan, 491 

Darnall’s mechanized stretcher bearer, 940 
Dead, disposal of. in E S casualty Jiospital, 
928 

Deafness, internal ear, 797, 798 
treatment of, in middle eai injury, 793 
Delhi boil, 883 

Depots of medical stores, advanced and base, 900 
Dcsoxycorticosterone in treatment of shock, 961 
Dcttol bum jelly, 611 
value of, ns antiseptic, 948 
Dextrose mfusion, intravenous, 964 
Diathermy, intrapleural, cyclopropane or ether 
contraindicated with, 489 
Didicr’s retractor, 760 
Diet, high protein, in bums, 513 
Digits, amputation of, 982 
Djvin 3 d ether, use of, 484, 489 
Dogs in spread of loishmaniosis, 883 
Drainage, 

of infected wounds of hand, 726 
supplementary measures, 727 
of knee joint, method of, 097 
Drivers of ambulances, training of, 910 
Droplet infection, 948 
Drug fever m sulphonamide thorajiv', 501 
Dunn’s arthrodesis operation, indications for, 7 18 
Duodenum, ulceration of, following bums, 608 
Dj'Bontcrj% bacillary, 
complications of, 870 
treatment of, medical, 875 
sulphonamidcs, 600 
surgical, appendicostomv', 876 
crecostomj , 870 
ilcostomj, 870 

D^sjihonia in wounds of larynx, 810 
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OciooTTbf« ch«nothcr»^ fiOO 

Gooet *piintln* n*e of to in*int*tn tpecW 
pc»fhk»i on itirtcbei^i 801 801 ffiW 
Oo»iii»<r» pl**tw trtpWoe 060 
rmraktlng trc*#, UT*tmeDt of 003 
OtdDottoo unptrtAHon, ”3, 032 
drmui3B for “6 
po*t-opCT»tlre trwtioeot of, ”70 
Oom Kthitkxi, tMO of, fa ahoct doe to bum*, 
filO 

Oun drlafoMa “tt” 

Gonjbot wound* of orHt, rffecU of, 821 


Uaab, mignrt, 633 

trrhniqoe of dm of 630 
Hmatoeu, 
aorta, 765 

of maTfUaiy alnnv tfratnMBt of 8(M 
of Dual arptom, IrratOMOt of 602 
Umaatitrla In cbctiiotJ*rapj prormtloo of, flOl 
HmMWTbaca, 

In woima* of larynx 609 
tmtoKnt of, 811 
of nail afiman, 800 
Intra-ocolar cootrol of, 613 
amndary ecaoptieatfac rtnal tnjary treat 
meat of 071 


lBpatla.»«) 

HABOtborax, treatmeoi of by taplatko and 
air npkceawtit, 087 
Uaod, 

aapotatioe of 705 
proatfaetie eoealdorattocta of, ”78 
btmxa of treatmeet of, 518 
faadal (oaoea of iafectlcn of, ”31 
focet^n body In, tocalisatkc of. 008 
fraetm of eompoond, tneatmerrt of, "Jl 
poaittaQ of fonrtkio ” of. 720, ”31 
preaerration of fanotioo after partial animta 
tlon of, 00 
atexlliatlan of. 040 
voonda of. exeMoo of, 718 

dortnA healtng of, 7^ 
Infected, traabneitt of, operattra 723-*^ 
poat-opecatire 724 
pceparation of opeiatire dekl, 18 


treatment of, opeeaUra, 717 ”22 
Harblaa method cn treatment of bum ahock, 
600 610 


Hamer’a sature, IndtraHnot for oae of, 0”O 660 
Head, wemab o^ metbod of aharinf acalp, 966 
Heat therapy of Infected wounda of 
Heatin* of rvceptkn aeotlon in E.5LS. hoapftal 


Hec^ a kUy lor ti ii na , 511 
HcMrioha meohaniied firat-ald poet, 946 
kde-oar atretoher earrtef 916 
Heparin, aa b a titu te for 065 
Hejatttia, amite 869 

amcefaio, dlagnnafi and treatmect of, 660 8”0 
Heania earebrl. treatmcDt of 828 
HJp-Jotnt 

ampetatkn at, todicatfoaa foe. 001 
proathetlo cooaldentkna, 778 

thmpgti^ 80 


IDp-jouit — n>»frf 

expoaum of, aurgical, 602-601 
flail, 603 

treatment of, 606 
Inunobdizatkci of, method* GDI 
tlrcTD amimtatioc, ”61 
am g wv o4 001-694 
wonmi InTolremcnt of, 600 606 

eontraindjcatfcau to ckaed plaater technltjTie- 
in, 601 

treatment of, poat-opefatire 604 
Hipapfea, 
cmKtnKtioD of. 0~D 
doable 003 
atngle. 006 

application of 60 
BVthod of trimming 006 
Hoapftal, armr gnmal, 005 
Ueatmeiit at, 000 

Hoapftal Ijna j ^eix y Ifedrcal fleiefc* 
auxiliary 01 

faaae organhadcD cd, 928 
blood tranafnaloD aerrlee 029 
taaaah ^^a dnniriatratJoo of. eracnatioa aeetkm,. 

receptitm aetrtlon, 024 
treatment aectlae, 028 
\ lay department 92“ 
djarram of 922, 023 
znedieal penonoel and lay atafl, 020 011 
orgaoiatioB of, 9S0 
elajKfleatkn of 91” 
eijdpmait ot 916 
eTanatlcxi of, pfan for 010 
location of, 010 
proteotkm of, 030 
nf patfenta and atafl, 931 
ahtpa, 906 
apeekl.917 

Human l^ea, tr ea tm e n t at, 916 
UameTua, 

eicWon of, 661 

ttacture' at, ecaspoend, treatment of, 601 
hnmoUiiaticn with Cramer wire, 814 
bituriea at, treatn^t of, 880 
partial kaa of, reparative operatkm for 681 
aeqaeatrectoiDT of 6^ 

Bydiofteu peroxide treatmoit of lewiaito beraa,. 
623 

Hygiene laboratodea, mobile 906 
aeet lg pa, field, 606 
Hyofd bona, inluziea of. 806 
Hypodemodyna fer adraMatEatloci of aodram 
aulpfaapyrldiDe 491 

Hypopron ewnplJeating remoTal of forefgit 
bodr from eve 666 
treatment of, 628 


Heo-coloatooiT in baefOary dyaentety 8~7 
Deoatomy to hacfllary djaenterr 8"6 
Dena, paialytici, treaticcDt of, 969 
Immendon foot 613. 616 
IinmoUHiatiai of Hmha, method* of 601-653. 
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]''iol(l iunl)iilniK’(i, 00‘l 
Iiygioiio HtwlioiiH, 000 
Ji’ilni iiiHiH, 877 

iuni)iit)ition of, 700 708 
l)uiiiH of, Umiio iioid ('ontraiiidicaUKl, 017 
fmoturoH of, (ompoiinil, troatimiiit of, 721 
initnobdi/alioii wiili Ciiutioi wiio, (MO 
niiHMmg, liaiisplantatioii of too iti, 0(M 
woiiti(in of, iiifot’lod, IrcatiiK'iit of, opomtivo, 
723 73:) 

Lioalmcnt of opoiativo, 717 722 
Ji’irat aid, n4‘t 

111 iii('clmiii/od will faro, 040 
iiiotliodH of apjilyiiig oxIoiihioii, 021 
jiai liOH, ahlirovialiotiH imud liy, foi iiiarkiiig 
oaHimUiOH, 030 

liLTHOiiiiol, IninsiioiL and oinniniuniL of, 030, 
0.18 

])ohI, ooiiiiiofldioii of flraL aid paitioa, 030 
of hoc! ions, 034 
duly loln for, 030 
iii()('liatii/(>d, 040 
oigani/.ntioii of, 0,13 
lllliiig 111 forniH, 040 
goiioral ])Iaii, 0.14 
lii'raoiiiiL'l of, 03.1 
diilii'H of, 037 040 
Htaiidiiig oidora, 0.17 
UHo of (jraiiioi wiro in, 002 
l''jstula, 

fiDca), Itviilmoni of, Hiictioii, 000 
into iiiiHal HiiniHOfi, troatnuiiit of, 800 
of larynx, tiuatnii’iiL of, 814 
iirotliial, iK'iitiiioiit of, 070 
Ji'il/gonild’H iiiodifiuiLioii of Jlnvuii’a Hplint, 040 
J'’it/iiiaiiri( (• Kidly’a incmioii foi lii|) joint aiiipn 
tatioii, 700 

J''la])s, ainjnitation, and aitilloial liinliH, 777 
ICIoxoiilast oitliopaidio Htm))piiig, 017 
Ji’IukIh, adiiiiiiiHtratioii of, apparatuH for, 002, 00.1 
ICoillo, ( oiiipoHitioii of, for troatinoiit of IniriiH, 

oil 

Foot, 

amputation, .Syiiio’H iiU'tliod, 708 
foropart, aiiijiiitation of, 770 
fraotiinjH of, iiiiiiioliili/Jitioii with (humor wlro, 
047, (M8 

immobili/atioii of, jiost ojmintivo, 730 
iron Hiijiport foi , 7 10 
iiioobamcH of, 7 10 

oiioratioiH on, Hiirgical, pi-omn viition of 
function in, 7 10 

rest, iiHi III tonjniK tioii with ThoniaH’ aplint, 
028 

hUiii gniftH of, 7 I 1 
tiHMiioH, rojilaLoinont of, 74.1 
woiindK of, tod, 7 10, 74 1 
diaiimgo c)f, 742 
ficatniont of, opomtivo, 731 710 
post oiKimtivi', 74 1 

J'’orccpi/Jvt ion of radniH and nhia, 70!) 
l''oa'arni, amputation through, 7J)I 
proHthotic coiiHidomtioiiH, 778 
frai tiiroH of, iinmobili/jitioii uilli (Jmmor 
urns 010 

jilantor band'igo for, 009, 000 


Fomigii 1 ) 0(1 ioH 
in ( oriioa, 840 
III oyo, 804 800 
diagnofliH of, 800 
i-oinovtil of, 807 800 
complicatioiiH, 802 
111 oyoball, lomoyal of, 810 
III liand, looali/jvtioii of, 000 
in larynx, 807 
III mbit, extraotion of, 827 
intia ocular niiignotic, ii'inoyal of, 807 
motalho, locali/jition of, 000 
J'\)wlor’H jiosition on Htrctchcr, inothod of nmin 
taming, 801 , 80 . 3 , 801 
hVaetiiroH 

coin|)onnd, in iiayal act ion, treatnumt of, 001 
of Jog, iiHo of JIiiiuii’h Hjilint in iK'iitmont 
of, 042 

iininobiIi/.atioii of, 002 
IIHO of (Jranior wiro in troatniont of, 01,3 
iSrr iiho iivilrr vaitiM of bniii’fi inid joinlx 
FiaiiiboiHia, 880 

FnuikorH method of uainnili/nig yoiii, 003 
J'Yontal HiiniH, 

fmotiiro of anioiior wall, hIiiiiiIo li(>atnioiit of, 
80.3 

of poHti'iior wall, tn'ivlmcnt of, 80.3 
Float Into, 030 
eiilicnl tompoiatnro in, 0.31 
dotorniming conditioiiH, 0.18 
cxjioiimontal invoHtigatioiiH on, 0,10 038 
hiHtological changoH in, 037 
jiiovontion of, 0 . 17 , 030 
(loatmcnt of, 040 
lino, 0,18 

l''unduH odili, liHioiiH, tioatmont of, 842 
l<'uniouhtiH, oiidcmic , 880 


G 

(bniglioiioutoiny in olcotiic biiiiiH, 021 
Gaiigi'ono duo to frost into, 030, 01 1 
in Imnu'i'Hion foot, 01(1 

(llIH 

blistniing, ofToota of, 81(1 

caHiialticH, reception room for, in F M 8 
casualty hospital, 027 

ti-catnicnt. of, in M S casualty hosjntal, 
027 

( huking, 81(1 
gangrene, 0(10 
in H lilom, 0(10 
treatment of, \ rays, 001 
liK hiymators, cITcotH of, 81(1 
lung irritant, effoi t of, 81(1 
mustaid, effei ts of, 81(1 
nasal liriUint, oiTeets of, 810 
oxygen ethei maolimes, 481 
jioisoii, clfcet of, on eyeball, 8 10 8,30 
Uiar, elTeotH of, 81(1 
\("Hieant, elfec (s of, SKI 

(Icntlan violet in tii'atment of biiiiis, Oil, 01.3, 
010, 017 

GIoIki of eye, riiptiiie of, 807 
(j'liic, Huigical, 004 
Goldman's drij) feed, use of, 181 
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OonorrhfTm trr*tiDcnt oi cbfmotbcmpjr BOO 
Oooeh uplirTthi ff , 0*0 of to mtotain ipccW 

d tkmi on rtrptchcr* ROl StW ftM 
• putter trrpfclnr f>80 
Oninnktbsg trc**, trwtmeirt of 063 
QdlDotloe ampatAtlaci, 7~5 6S2 
d n ad ng a for T76 
port-operatlTTi trratioCTit of, 6 
Gnm aalJiie KilDttoct, of, in aho^ doe to lrani% 
610 

Oon dcafuM*, "97 

Qaoaiwt mmnd* of orUt, effccta of, 821 


H 

Haab maftnrt, 868 
twhnfajQo of Q»r of 860 

Hematoma, 
aniK 786 

of matfUaiy ainot, Uratmcnt of 004 
of n«**l acptom. tnatment of 002 

Hamatnria in chemotbrnpy prewotlon of 601 

HeffiorrhaAo 

in voonda of Urrni 909 
tnatmrat of 611 
of iMal ainBKa, 800 
lotraocnkr cnrUrol of 843 
ae«»dar7 eornplfeaUng mial Injury tnat 
Bkrat at, 071 
hepsUe,(W0 

Hamoibaru, tnatAcot of, by aipftidoD aod 
air nplacvmot, 967 

Hasd, 

aapotatioB of 66 
preatbotie oonrtVfttkoa of, 778 
bmna of trcatoMOt of, 616 
faackl anaoM of, lafoctloa of. 731 
foreign body In. loealkatlon of, 966 
fractnre of eompoond, treating of. 721 
poaltkn of fouetion ” of. 720 721 
pcn wr rattoo of fuDctkn after partial ampota 
ticn of, "66 
aterUisatioa of, 049 
woonda of, ex^on of, 716 
Immobflixatlon dnrtng Iwaliog of, 720 
infected, treatment ^ operatlre “23-733 
port -opera tire, 724 
preparatloo of oporatlre Sold, 718 
bnaUnect of, operatira, 717 722 
Harbin a method of treatment of bom ahoek. 
600 610 

Hamer’a antnre, indicatlona for oae of, 678 660 
Head, vcmtda of, method of abarln g *oa^ 066 
Heat therapy of Infected vontxk m hand, 724 
HeatW of reception aeotlon in r. tf.R. boapltal. 
924 

Heggie a Wly for bmu a, 811 
Herariota mechanized drat-aid poat, 946 
tlde-cax atreteher tarriet, 946 
Heparin, anbrtttnte for 066 
Hepathia, acute. 600 

amcabio, diagnoaia and treatment of, 660 8"0 
Hernia c«trl, treatment of, 826 
Hip- joint 

amputatioo at, indicatkm for fiOI 
imathetlo ecnaideratlcaia, “"8 
tbrcmgit, 760 


TTlp-joint — eoulJ 

expoame of aorgical 602-694 
flail, 696 

treatment of 696 
immoblihatian of, metbodv 691 
aleero amputation, 761 

of, 690-696 

oautraindicatkaia to oloeed plaater teclmiqQe- 
ln,fl9I 

treatment of, poat-operatJre 694 
Hip apica 

cotwtnactioo of 0~9 
double, OOS 
aingle 006 

appUcation of, 60“ 
method of trimming 608 
Hoaphal, army geoenl, 606 
treatment at, 909 

HoapitaJ Emerpencr Medical Service 
aoxHlary 01 

baae organization of, 028 
blood tianafualon w i rke 829 
caasalt^^dminiatntiancif evaouatlon aeutlaD,. 

rmrption aeetlon, 924 
trratiDciit aectJan. 926 
\ rav department, 92“ 

(hagram of 923, 923 
medical perwonrl aod lay rtaff 920, 921 
OTsanication of, 920 
elaamflcatJoa of 91“ 
erpilpmest of 018 
enenatkci of, plan for 919 
location of, 910 
proteetkn of, 030 
of patieertf aod a fa6, 031 
aUpa. 000 
apeeial, 01“ 

Unman bItea, treatment of, 946 

Husesm, 
erdafon of 664 

fracture oi, eompound, treatment of, 664 
hnJOoMlIiaHon adth Cramer wire, 614 
l2i|nrien of treatment of, 680 
putlal loaa of, reparattre operatloo fer 681 
•eqoeatrectomy of, 6^ 

Hydngm peroildo treatment of lewlalte buna,. 

Hygiene laboratoiiea, mobOe 006 
aectkn, field, 906 

Hyoid botie>, injuriea of, 806 

Hypodetmoolytk for admlnlatration of aodhnn 
aalphapyridlne 491 

Hypopyon complioating removal of foretfgu. 
body from etye, 666 
treatment of. vSA 


auig wy of 091 694 
voeuxT InTolrement 


Deo-coloatocay In bacillary dyaentery 877 
Deoatcemy in hadllary dywntery 8“8 
n«.. paxalTtic. treatnvDt of, 0^ 

Iimwamon foot, 643, 646 

Immobilization of Umb^ raethoda of, 691-663 
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Infection, droplet, 948 
from sutures, 961 
“ hospital,” 948 

Infusions and transfusions, cannulization for, 958 
bone marrow, 954 

Intestine, wounds of, use of sterile safety-pin 
in, 944 

Intramedullar peg graft in flail hip joint, 696 
Intraneural plexuses, 552 
Intra ocular hsemorrhage, control of, 843 
Intravenous administration of sulphonamidcs, 
494 

dextrose mfusion, 954 
Ionization, use of, in onental sore, 884 
Ins, 

entanglement of foreign body in, 862 
mjunes of, treatment of, 841 
prolapsed, compbcating removal of foreign 
body from 03'c, 804 
treatment of, operative, 850 
Irrigation of cv e after mustard gas poisoning, 838 
Iselm’s method of drammg flexor tendon sheaths, 
725 

Isinglass, use of, as substitute for plasma, 056 
Izal, V alue of, as antiseptic, 948 

J 

Jaw's, 

displacement of, backward, interfenng with 
respiration, apparatus for use in, 944 
lower, sequestrectomy of, 674 
surgery of, team for, 906 
Jomt contracture following amputation, prc 
vention of, 771 

stillness of, followmg amputation, prevention 
of, 771 

Jones’ abduction frame, use of in immobilization 
of hip-joint, 691 
cock-uj} splint, 720 

K 

Kader-ibenn ink-bottle method of ciecostomy, 877 
Kala-azar, symptoms and treatment of, 884 
Kanavel’s mcision for draimng thenar space, 732 
palmar cock up splmt, 721 
Keller’s operation, 737 
Keloid followmg bums, treatment of, 520 
Kidnevs, histologj' of, in crush syndrome, 949 
parcnchjmia of, wounds of, 973 
rupture of, treatment of, 972 
wounds of, indications for operation, 970 
Kineplastic amputations, 758 
Kirka method m diagnosis of kala azar, 885 
Knee, 

amputation below, 766 

post-operative treatment of, 768 
prosthetic considerations of, 780 
through, prosthetic considerations, 780 
immobilization of, methods of, 700 
method of diainmg of, 697 
plaster bandages for use abov c and below, 604, 
005 

synovial cav itv of, 697 


Knee — conid 
wounds of, 097-703 
complications of, 098 
infected, imgation of, 701 
management of, 700 
treatment of, 098 703 
use of sulphonamido powder in, 701 
Kneeling stumps, 780 

Kocher’s incision for disarticulation of clbow- 
jomt, 754 

method of eiqiosure of hip joint, 093 
postero supenor approach toshouldcr-joint, 679 
Kondolfon’s operation for elephantiasis, 878 
Kronlem operation, 827 


L 

Laboratories, bactcnological, mobile, 900 
hj'giene, mobile, 900 
Lachr3’mal passages, 
reconstruction of, plastic, 829 
wounds involving, 824 
Lachrymatory gases, effects of, 810 
on eyeball, 835 

Lancefield’s groups of micro organisms, 492 
Lanoim, use of, following bum healing, 619 
Larynx, 

fistula of, treatment of, 814 
foreign bodies in, removal of, 807 
fracture of, simple, 808 
mjunes of, external, without fracture, treat- 
ment of, 800 

penetrating wounds of, sequelae of, 813 
treatment of, 811 
types and general effeots of, 808 
with associated pharjmgeal wound, 809 
stenosis of, treatment of, 807, 812 

fractures of, immobilization with Cramer wire, 
640, 648 

plaster bandages for, 004 009 
Leishmaniasis, 882 
amoncana, 885 

Lens, mjunes of, perforating, treatment of, 853 
treatmefit of, 842 
Lewisite bums, treatment of, 623 
effects of, 815 

Lcwisohn’s needle for intrav enous infusion, 962 
Ligatures, cotton and thread, 901, 902 
Limbs, 
artificial, 771 

and amputation, 749, 774-782 
flaps, 777 
stumps, 777 

extension of, methods of, 017-022 
first aid, 621 

immobilization of, methods of, 591 053 
phantom, 981 

Limbus, wounds mvmhing, treatment of, 851 
Liver, 

abscess of, prognosis of, 874 
mpture of, 873 
s^Tnptoms of, 809 
treatment of, aspiration, 871 

open operation and drainage, 872 
amoebic infection of, 809 
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L«dliiff ambolanct*, method ot 030 
Lamiv effect o< bmc^ on, 81fl 
L\niph*tlo 8T7 


M 

M Jt B 125, 401 
JI ^ R ir 401 
M t B flOS, 401 

See alv Solpbnpvridiw 
M & D 00. 401 

JlcCregoct tppartttM for trartlon to fractnmt 
mandible 000 
iUgOr* tnbca, w» oC 485 
3IagnHio remoral of foreign bodie* from eje 
85" 

5Ubi dreediig atatkn, 

clerical reconli at importance of OOS 
treatment at, 008 

JIandiWe fraetturr of n^ oi 5IrOrrsfea 
apparatus In OW 

aonoda of tnc of atcrlle aafety pin in, 1M3 
Jlarbb. ■ collector foe n<w In Irrigating rremoda, 
Q5S 

3Ia*»ape In aerre Injnrlea, 5“ 4 
ilaatoad antrum, ipeead of infeetk* to, treat 
merrt of TO 

operatkm la lofectloQ from tTropaolo caxitjr 
IndkatlOTH for “04 

procef^ coreponjul fractare of treatment ci, 
“M 

peortrating aooodr oL treatment of ”05 
lta\lllar 7 ilniia, fractnrea of eompounJ treat 
Dent of IC4 

depreraed. treatment of 8B4 
tupraatenuof treatment of S04 
^iechaniied aartare ffmahlkQ,f^ 

5tedkal organixatkia In oaral action, 9l>8 
aerricea of Brttlrb anoT 904. Sm a!*a Army 
Brithh 

atorea, depoU for aUranred and baae 000 
UeUingec magnet, 658 
UeningHla, 

compbcatlng ear injorj treatment of. 700 
f rac ial ca of frontal aimta. 804 
men^ococcal. treatment of, tnlpboaanUdea. 

5Ierthlolate nae of, in aUn preparation. 040 
Jletacarpak, baetttrea of 
eomponDd, treatment of "21 
immobdiutlon atth Cranter vlre 040 
Sletacarpo-pbaUnpaJ Jofnt 
ampntation throogh, 57 
infection of, 753 

51eUtanal booea, fraotnrea of treatment oC 73“ 
5Ietataiao phalangeal ^oint, ampotatkin at "71 
Matatarana, fraetnrea of, oae of Braima ap^ 
In treatment of, 040 

IDcrp-ocpmiams. aalpbopamkli-a artlng nn 49X 
lUIhank clip, oae of 6X3 
Jlcrrfaon a frame 636 
Moipbta, adminlatmtioo of, 
in nar^ action, 000 
m treatment of boiTM, 500 
mart cm ferrehead to Indicate doae fiyen, 035 
notifleatbn of, on raid attmirbnl to caaoaltr 
908 


Motor ambulance coovoy armj 005 
efyfl defence 014 
haodllag of, 015 
typcaofve^le 014 
cbanjjea folknring oeTre Injnrv 554 65“ 
coach ambalanc^ 014 
omnflniara. oae of. aa ambolancea 015 
Morementj in nerre InJuJiea, 6”0 
Morphy a awthod of expoaore of hlp-Jofart 
683 

priodplea for proctoclrak, 054 
Maacle arafta, oae in nep^uutomv voond, 0~3 
In oWitcration of bone cayitiea, fTO 
tonncl motor "58 
Moadea, 

dlrMoo of. In amimtatlOD, 50 
extn'Oenlar aotanda cV. 823 
{•eharnla of tranmatlc OSO 
altboat paralraia, OSO 
ifoitard ftaa 

bnma, treatment of 633 
effect# of 815 
on fwball 835 

ocnlaclnJorW doe to aymptotnaof 836 
treatment of, 838 


N 

Nail. Strlnraann a, iDaerdoo of, CCD 
ramoral o! 6^ 

Na«al 

booea, fraeUna of, treatment of, 801 
foaaie^jeiietfittng armnda of treatment of 

aeptuD brnnatocna ot tnattoecit of 80^ 
alnnaea, vtmnda of, ireneral effect# of 806 
treatroeot of SOT 
haral aotkm, 

Imnn and acatJa in, treatnmt of, OOl 
Irarttnra to, treatment of 901 
aounda In, medical equipment for SDO 
medical organkatkai for 88$ 
treatment of admlniatntlon of morphia. 

noo 

doiina lull ia action, 900 
flrat-ald, 800 

imnxdJatelj after action, 001 
In dJatrfbntmg itatlon, DOI 
more remotelv after aotfon, 002 
aummajy of pcocedore 003 
oae of anthetanle and anti caa ganiOTM 
•erum, 903 
TarietW of 898 

\eck. wounds of mbatltnto for tracbectoenv 
tube in, 044 

Nefl Robertaoo atretcher uae of In nary 800 
00! 001. 903 

NcptucntnTDy iocUkma, 073 
Noryea, 

dlyided, in ampetatioa, 761 
fadal infuriea of, in ear InJnrW, treatment 
of 706 

grafting 5"3, 0“8 
of fadal nerre “96 
Injuriea of, diagnoaii, 656 


IIO 
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Nerves — conid 

peripheral, electrical conductinty, 667 
ond-to end anastomosis of, 671 
exposure of, surgical, 606 
injunes of, 651 677 
case taking, 660 

changes occurring after a lesion in con- 
tmuity, 662 
after division, 661 
after suture, 652 
chmeal investigation of, 661 
chmeo pathological classification, 502 
examination of chmcal, 657 
motor, 567 
sensory, 668 

exploration of, indications and contra- 
mdications, 603 
formation of ghoma, 661, 664 
of neuroma, 661, 654, 557 
lustory in, 660 
intranoural plexuses, 662 
paralj'sis in, complete, 654 
functional, 655 
incomplete, 666 

diagnosis from sjuidromo of rccoverj', 
666 

irritative, 655 
transient, 664 

reaction of degeneration in, 668 
syndrome of recovery in, diagnosis from 
incomplete lesion, 656 
treatment of, 602 
electncal, 674 
exercises, 670 
massage, 674 
movements, 670 
operative, 606 

bed for sutured nerve, 670 
bulb suture, 609 
exposure, 500 
mobihzation, stages of, 608 
partaal closure of wound, 671 
resection of stumps, 609 
physical, 673 

post-operative, fixation and strotclung, 
672 

types of, 650 
resection of, 609 

suture of, m healed wounds, 603 
in oxicn wounds, 603 
recurrent laryngeal, injunes of, 811 
surgery of, in amputations, 778 
suture of facial nerve, 790 

m open wounds, mdications for, 502 
materials for, 571 
secondary, 978 
techmque of, 671 

Neurectomy, presacral, in bladder paral3’sis, 977 
Neurolysis, 604 
internal, 506 

Neurosurgical umt, mobile, 900 
Newcastle thigh retractor, 760 
Nicotimc acid, use of, in side effects of sulphona 
nudes, 601 
Nose, 

effects of gases on, 816 

external, mjuncs of, treatment of, 801 


Nose — co7ifd 

fractures of, treatment of, 801 
roof of, fractures of, treatment of, 802 
Nuffield respirator, use of, in multiple rib 
fractures, 907 


O’Bncn’s method of facial ner\'o blocking, 849 
Od-fuol coxonng wounds in naval casualties, 
removal of, 902 

OUior’s incisions for excision of wnst-jomt, 088 
Operating theatre in uar time, 
nnresthetist’s difficulties in, 483 
effects of gas proofing and black out on, 483 
fire risk in, 483 
Optic nerve, injunes of, 
due to gunshot wounds, 822 
treatment of, 843 
Orbit, 

blood-vessels of, injuries of, 824 
ccUuhtis of, treatment of, 828 
exploration of, 827 
foreign bodies in, extraction of, 827 
roconstniction of, plastic, 828, 829 
wounds of, 821-834 
complications of, 824 
effects of, 822 
infective, 824 
investigation of, 826 
treatment of 82G 834 
Onental sore, 883 

treatment of, general, local and surgical, 884 
Os cnlcis, fractures of, treatment of, 740 
08teom3'ehti8 compheatmg ear injury, treat- 
ment of, 798 

of amputation stump, 773 
O8teotom3% transtrochanteric, 696 
Oxford vajjonzer No 1, 486 
Ox3'gon, administration of, in fat embohsm, 961 
in gas casualties, 927 
in shock, 951 

duo to bums, 610 


P 

P A B S , 491 
Pago’s nail holder, 620 
Palmar space, middle, draming of, 732 
infection of, signs of, 732 
Panophthalmitis, 856 
Para ammobenzoncsulphonamido, 491 
Parachute injuries, 984 
Paralysis, deltoid, splmt for, 673 

ischtemic, signs and treatment of, 980 
median, splmt for, 674 
radial, splint for, 674 
sciatic, splint for, 574 
ulnar, sphnt for, 673 
Paranasal smuses, injuries of, 803 
Paraphaiyngeal infection m wounds of larynx, 
810 

Pans, plaster of See Plaster of Pans 
Parona, space of, invoh omont of, m suppurative 
tenosynovitis, 729 
Patella, excision of, 062 
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ratbok>etol jtprcln»Mi*, toethod* of ft^tioo. 9S4 
r«tlrtit raetb^ of protPCtfcBg in bwi, ®3I 
Panllni* Pl*tCT apfUTatlU, W of fo l0C»l 
arunthnia, fU7 

rrriln, of In tuffctfd ^onuda, (U0 
IVdicle graflis o« In oUitwatloo at boo« 
carltka, S"6 

movl^ Rraftv In oUHwatkm of bone 
carid^ 076 
IVirlv 

fractorr^of aa^ocfafixl with rnptirrr erf biadder 
trrntment of 073, 0" 6 
tiTTthra treatment of 0"3 0 4 
•eqontrretoraj of 0T3 

Pentnucleotide ow of In adphonamklo ro- 
ac^kna, 601 

PeotothaJ aodlntn uw of In tetanua, 060 
PeTichoodritl* In aorah of larmT, 90A, 800 
IVrieMtetra? ttripplng of ia aeqneatrectomr 

erv 

Peripheral nerrea. Set Nerrer, pedpbetal 
Petrol btiTO% treatment of 651 
Phalangeal }o1dU, Inlectloo of ~33 
Phalanfe^ fraetorea of cotnpoond, treatment 
of, “2. 

piaster handafe for 600 
Plaantcini limb, 9SI 
Pho'cene homa, treatment of 651 
effects of 810 

rbo^nborw bonrt, treattnent of. 650 
PbpMtherap}' eontralodlcated IncatmfgU, 0 6 
Plw tfW treatment of borm, Olmdrantagra of, 
800 

Pictoo i tpring clip, « of 02l 
rUfoe, cherwtbcTipy of 600 
Pfsama Infntioe, tXw 050 
In Iwna, 607 600 
In shocked patlcntt, 60* 06o 064 
rate of OM 
proeautiDns la, 066 
reaotlooa hi, 065, 060 
snlntltntes for OuO 

PUster of Park, •ppllcatkm of 601 070 

handsoea, eom^batlom falioa log oae of, 504 
for lower Umb, 004-000 
for upper Umb, 596-004 
metb^ of tpplkatkxi of, 603 , 

method of guttering, 60vi 
method of making, 601-60* 
remora] of 610 
casts, appUcatkn of, 9~tl 
remorsl of B“0 

use of. Id fractured pelrli, 0 4 I 

enttefs, 610 1 

In ImmobfUxatloc of iakle-}olot, 06 | 

of shoolder joint, 000 
Bjetbods of Inunotrllhatfoo alth, 601 616 
remoraj of 0~9 
aoeea, 6^ 

proretrtk* of, 606 
strips, 603 
use of in bams, 617 
on stump folloarlng ampntatlon. 81 
wtodow method of coeerlns a ith Cramer aha, 
661 “s *s 

wooden eterator Incoepocated In, 980 
Stt nlto CSoaed pisrtet method 


p u ^i m nmts, pneamoeoccal and streptocoeeal, 
treatment of, eberaotherapr 499 
ftjenmo thorax, open, nao of sterfle aa/ety pin 
In. D44 

tension, treatment of, 007 
PrrmedltaUon, 4B7 400 
Proctociyaii, llarphv ■ priodplea for 051 
ProUaTine, ralae of, aa antkeptio, 048 
Prosnln, 401 

Pitmtoafl, 704 “00 5« af» Bulphanllamldo 

albam, 491 
Pronbriln, 401 
Proscptaslne 401 

Prentnesia, temporary following amimtatiofi, 7"1 
Prosthetio conftderatkma In ampntatioti, 749 
f^mdo-arthinaib, motor 60 
Pnlmonary fat embolkm. 061 
Pulp traction method of limb extension 020 
IhoIogTaphr excretory in rnial injnrlea, raloe 
of. 071 

R 

Radhim, pmtcctloq of 932 
Radlna, exchko of 666 
forcepbatlcci, foUoa lag ampataUco, "W 
ftactnre of, coopoend, treatmeot of, «WS 
aegoestrectcany of, 973 
Reamputatkm. T“7 

Recaption aertion In EJf£. hospital, 0£4 
Refrigenlora, roobDc for a hole blood, trrtun or 
000 

Reguneclal aid wiu protectloo of, froei air 
attack 017 
treaUDCxit at, DOS 
medical evtaUlshment, 004 
officer dotira of, 004 
RetoforevDicDt groop, perMcmol of 947 
Refease syndrome 949 

Beapfrati^ artificial, Copenhagen method of, 
944 

In electric ibocL, 944 
roalng method, 941 
effect of larybMl woonda on, 803, €09 
obalnjcted. in backward dkpiacement of Jaws, 
treatmmt of, 944 
in weemds of larynx, 803 
treatnoent of, 811 

Resphatory Infectlona, boo poenmoeoccal, 
ebemotberafy of, 403 
ResoacitatloD ana bone Injory 667 
wards in £.67 A casoalty bospitai. P56 
Retina, detachment of, treatment of 843 
injuriea of, treatment of 841 
Retrotmlbar route of anMthetlimtkm, 849 
Riba, fractore of, treatment of stiap jJng fm- 066 
Rowto method of artificial respiration, 944 
Royal riaey totl flash gear used In, 806 
mask used In. for protcctloo against borrM, 600 
Stokea stretcher for 047 
Rodder's mechanical aid for TenJpanctnre 0u5 


8 

Safe^pln, sterfle oas of. In Inteatiml wonnds. 
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Safety- pm — conid 

stenle, use of, in mouth wounds, 043 
in. open pneumothorax, 944 
Saline and tnple dye treatment of bums, 612 
baths in treatment of bums, 513, 617, 618 
dressings for bums, 616 
infusions, oontmuous reetal, 954 
Saueenzation of bone, C70 
Scalds, treatment of, in naval action, 901 
Scaphoid bone, displacements of, 739 
fracture of, plaster bandage for, 598 
Scamng in bums, 608, 609, 514, 619 
prevention of, 519 

Schistosoma hasmatobium, hfe history of, 880 
japonicum, 879 
mansom, life history of, 879 
Schistosomiasis, parasites, causing, 879 
surgical manifestations of, 880 
treatment of, 882 

Sclera, wounds of, perforating, treatment of, 847 
treatment of, 843 

Scrotum, cleiihantiasis of, treatment of, 878 
Sensory changes folio wmg nerve injurj , 658 
Sepsis, dental, elimination of, in pre operative 
treatment of nasal sinuses, 805, 800 
in wounds of larjmx, treatment of, 812 
Septicajmia, meningococcal, chemotherapy of, 600 
Septum, nasal, injuries of, treatment of, 802 
Sequestrectomy, indications for, 007 
technique of, 009 

Sequestrum, comphcations following formation 
of, 068 

Scrum, dned, reconstitution of, 965 
transfusion, 900 
precautions m, 956 
shocked patients, 950, 955 
Shelter foot, 646 
Ships, hospital, 906 
Shock, anaisthcsia in, 487, 950 
blood pressure in, 960 
electric, artificial respiration in, 944 
in bums, primary and secondary, 600, 607 
treatment of, 607, 609 
movement in, effect of, 950 
treatment of, 920, 950 

adrenal cortex extract, 951 
at advanced dressmg station, 908 
blocd or plasma transfusion, 954 
in navy, 901 
oxygen, 961 

.Shoes, oithopsedic See Boots, orthopaidic 
Shoulder joint, 

amputation at 752 

prosthetic oonsiderations, 778 
arthrodesis of, 681 
fractures of, treatment of, 080 
immobilization of 680 
surgerj of, 079 
surgical anatomj of, 678 
wounds of, 078 082 

treatment post-oporatn e 081 
Shoulder spica, 001 
application of, 602 
precautions in application of, 603 
Sidcrosis bulbi, 855 

Sicgle’s pneumatic siieculum, use of, m middle 
ear injuries, 789, 790 


Sinclair’s wooden foot piece, application of, 706 
Sinuses, air, wounds of, 801 

nasal, wounds of, general effects of, 800 
paranasal, injuries of, 803 
Skeletal traction method of limb extension, 019 
use of Braun’s splint in, 036 
Skin, 

after-treatment of, folloiving bums, 519 
grafts, effects of sun on, 619 

failure in, due to inadequate pressure, 904 
duo to surface sepsis, 904 
in bums, 513, 518, 523 
in defect of penoscrotal junction, 976 
in injury of external meatus, 780 
in obliteration of bone cavities, 670 
in trench foot, 545 
on the foot, 743 

preparation of, pro operative, 948 
Skull, 

base of, fracture of, involving internal car, 
treatment of, 798 
involving middle car, 796 
involving roof of nose, treatment of, 802, 
805 

defects of, vitallium plates for, 906 
“ Sleep ” gas oxygon, 488, 489, 490 
Smith Peterson incision of hip joint, 092 

nail, use of, in treatment of fractures of 
femur, 040 

Snake bites, treatment of, 945 
Sodium desoxycolate in treatment of fat 
embolism, 961 

sulphapyridmo, intravenous administration of, 
494 

Soldier as casualty, process from firing lino to 
base, 908 
care of, 907 

physical uell-bemg of, attention to, 907 
Soluseptasme, 491 
use of, local, 497 
Sore, onental, 883 

, Sores following use of plaster of Pans bandages, 
696 

Spain’s weight, 037 
Sphenoidal sinuses, injuries of, 805 
Spinal cord injuries, paralysis of bladder in, 970 
jacket, application of. Oil ^ 

position of patient in, 010 Qxr/Oi. 

precautions in use of, 012 
trimming of, 612 i 

plaster bed, 613 016 
plasters, 610-016 

construction and application of, 013 
Spine, disease of, spinal plaster bed for, 013- 
CI5 

fracture of, spinal plastci bed for, 013 015 
plaster of Pans jacket for, 010 615 
injuries of, stretcher positions for, 893, 895, 
890, 897, 943 

paralj sis of, spinal plaster bed for, 013 015 
Splenomegaly, tropical, 885 
.Splmt, aeroplane, 049 051 
application of, 060 
construction of, 049 
banjo, 652 

for nso in immobilization of hand, 720 721 
Thomas’, use of, 023 030 
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flpUot*. TarirtlM of for fai nonUjtk folknrinf 
prripbfnU nmf Injurip*. 573 
fltfinmann ■ D«n, 0*0 in vLoleUi tnctkm, 010 
030 610 

o*e of In trrotmrtt of fnetOTM of fftnor 663 
mlth Wo« fa»c pia'trr b^TuURr G05 
8lol« ilrrfcbrr 617 
HtoLf«-OrittI tmpirtAtlan, Tilor of OSI 
Strtpffott ■dho*irp In pitfwloo of I!mb% Ol" 
rTtrn«MQ. «pp]k«tkn of 61B 
prrpoTiflon of 01" 

Strrrtortlp -<01 
matkn, -101 

Strrtchif tdoptlon of Fo»Ict po*ltkm on, 801 
fito sot 

brmiTr^ <1utlr^ of SOI 

loadloR wiffoo drDl for OP 
ranVr*, mrciunii"! nt6 
c»*p SOI 

IrapoilAncr of tjinR to utTPtrhrr 89< 
mptbod of tjdntt to »trrtobpr triutgal»r 
b«D(UfT«, tM3 

tvo-hp«rpf mptbod of pUdo^ on cttrtrbrr 
801 801, 803 

podtkm for tpinol cm«e^ fttO, 803, 890, SO 
fits 

Stoln fM 

Sttnopt. S';* AopoUtioc ttam|n 
8ib<ropJe*i nr a n ^ 800 
BalphirrtAreldp 401 
BalphidkiJop 461 
8«]r>h«nikre( W 403 
ocMfr of 463 

pomdrr nv of lnlHJmt,5I3 516 617 
0*0 of, >1 pmomtlrp for itorod blood. OoO 
lo vuofoWo «aand Infrctiaoo, 403 
in H ni «ocnd InfoctJont, 4*11 
In blood cloriKP 636 

la eocrthntlU* coraplleaU&x rv tDlorr 
890 

In eryilppU*, 408 
In n* pngrp u e 40o 
In mfpctloa from t\-rarmnie otrit^ 94 
in mraingiti*, 400 

eoreplkiiling p*r injury "60 
In terTtimib folkrsinf «oaadt, 4M 
In lUn gmftjnft 407 
In rtfcptocoirail » ouod laf«vtko». 493 
prophvUctJc 407 
SnlpbacnlirigiiaDldlao. 401 

me of. In b*«Il*r} dy^entpiy 500 
Bulpb»p3T»U« 461 
(kjvge of 4*13 

use ol. In Imcfikjy d^witny 600 
in jj evlt vonrtd Infpcttom, 403 
in frectnre of frontal rinm, 804 
In £r« tnTM of roof of ucw* 803 
Id CDnoTTfarm 500 
m mmingitK 460 

ctmpUcating o«r injury TQg 
in iDpntngDco«»l f pHt t m U, 500 
m tmddJe p*r Injmy "91, 704 
in prmmioola 40S 
ro rpjrtmrtilaJ *U post, 908 
in •cptlcmnb follo»h^ 'romdi, 490 
in iUphyloooecaJ wonnd infection, 403 
In teUnm, 000 


BnipluithUxoIp 401 
(Voaagp of 403 
i]>4*«}f coniplirmtkio* of V)1 
In hrtdlbry dywTitpry oOO 
In n nil «uod Infpctloc*, 40.7 
Itt goftortlxM, 300 
In infection of tvwpanio entity “01 
in mmJnritK 400 

cooijflcntlDg enr Injnrt "00 
In plapn* 500 
In pneumonia 403 
In nrptlCTwnia foOcmIng v'ounit, 400 
In rtaphylococcnj In/ectkm, 40.7 40" 
Inatreptococml «ound Infection 403 
IocnL40" 

Solpbonamiilp 
flois. 401 
IJU,4B1 
I 401 

ponder ij«p of in bom*, 710 

In rerepoood fractnTP of teg 001 
In It mod* of bmiT RI3 
o-.eof in arote ttousd iofectlcn 400 
In endemic funlcnbtK 833 
In etyaipcit 403 
In human h]te% 01.7 
in infected aociod* of Kami, 14 
In infection of tyrapnaio cacitc “03, “04 
In kuD fracture InTolrlng Intenvil ear “03 
In aouDil of larynt, 813 
Folpbonamkleit, 461 
action of on haclecU la p po, 46. 
•dcnlni*tratton of fartoea gnmnlng, 401 
Intrarenon*, 4W 494 
rectal 401 
icoitnkiae of 403 
14«d ponerntrafkai of 493 
importance of adeunatn demge 403 
lociai application of 497 
doubtfol raJoe of 40" 
mTcaolain* affected bj 491 
prophckctle u** of 467 
atenilaatloo of 497 
to\io effect* of 501 
treatment by 463 
torapjieatlom of COl 
In aufgery 4 >4 

! ofehreok aonnd •ep*K 4011 
of ni gangrene 463 
of bifected woeod* of foot, 01 "43 
of Infectire artbrltn of hand. "33 

pneumococcal re*plratory Infectfocia 

Bolpbmet 491 
Bindery aubtropfcal ftlTO 
Smjienl material* and die-adn**, 001 
wituro of tcodoca, 578 

poat^operattro treatmeot of 380 
premiUoa of adbe aiom folloalnir 581 
primary Indication* for 381 
aecoodary Indication* for 581 581 
technionc 5«3 
Batnea and bdection, 601 

cotton and thread, 901 003 

lOT material* foe 001 

In wound* of larynx. 
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Sweating, loss of, demonstration of, 5G0 
Syme’s amputation 
of foot, 708 
modifieation of, 709 
prosthetic consideration, 781 
value of, 981 

Syncchice between ins and conica, division of, 852 
Syringing, contraindicated, in middle car injiirv, 
792 


T 

Tannafax jelly in treatment of burns, 511, 901 
Tannax jelly in treatment of bums, 511 
Tannic acid 

treatment of bums, 511, 512, 616, 517 
contraindications, 616, 617 
Tarsal 

bones, fractures of, treatment of, 738 
joints, surgical anatomy of, 712 
wounds of, 713 
treatment of, 713 
Tarsorrhaphy, indications for, 827 
Tarsus, 

amputations through, 781 
fractures of, use of Braun’s splint in treat 
mcht of, 040 

Ta)dor’B improvised vein seeker, 952 
Tear gases, effects of, 815 
Temperature, cntical, in relation to frost bito, 
534:-538 

Tendon sheaths, 
flexor, infection of, 725 
Iselm’s method of draining, 726 
Tendons, 

flexor, relation to nerves, 683 
grafting of, 680 
lengthening of, 685 
retracted, union of, 680 
suture of, 678, 681 
Bove’s method, 681 
Bunnell Mayer technique, 678 
post-operative treatment of, 687 
preserving endothelial covering, 680 
prevention of adhesions following, 681 
of tension in, 680 
pnmary, indications for, 581 
secondary indications for, 681, 683 
technique, 683 

transplanation of, indications for, 683, 686 
wounds of, 678 680 

post ojXirativo treatment of, 682 
Tcnosjmovitis, bursal, ruptured, treatment of, 
729 

suppurative, of fingers, 726, 731 
of thumb, 728 

operative treatment, 720, 728 
Tetanus, 900 

and typhoid, immuni/Jition agamst, simultane 
ous, 900 

antiserum, use of, in frost bit and trench foot, 
641 

chemotherapy, 900 
treatment of, 900 
Thenar space, 
draining of, 732 
infection of, signs of, 732 


Thiazamido, 491 

Thiersch graft, use in obliteration of bone 
eavities, 070 

Thigh, adducted, correction of, following treat- 
ment of hip joint injuries, 094 
amputation through, 702 
prosthetic considerations of, 780 
with feared sepsis, 702 
with fractured femur, 701 
flexed, correction of, following treatmout of 
hip-jomt injuries, 094 
Thirst at sea, treatment of, 946 
Thomas’ abduetion frame, 032 
application of, 033 
nursing of patients wearing, 034 
collar and cuff, 084 
double frame, 031 
frames, use of, 031-034 
heel, 744 

splint, accessories to use of, 028 
application of, 026 
construction of, 023 
limitations of, 027 
S170 of, methods of adjustment, 029 
support for, to bo used with strotehcr, 943 
use of, 023 030 
general considerations, 028 
in treatment of fractured femur, 024 
Thoracotomy, indications for, in hromothorax, 
907 
Thorax, 

crush injuries of, relief of pain in, 907 
surgeiw of, team for, 900 
wounds of, 900 
amesthetics for, 67 
complications of, 907 
open, treatment of, 907 

Thrombo-phlobitis, complicatmg car injury, 
treatment of, 799 
Thyroid cartilage, fracture of, 808 
Tibia, 

excision of, 002 

fracture of, compound, treatment of, 002 
use of Braun’s splmt in treatment of, 039 
sequestrectomy of, 071 
Tincl’s sign, unreliability of, 656 
Tintometer for estimation of blood concentra- 
tion of sulphonamidcs, 493 
Toes, 

amputation of, 770 
vounds of, 730 
treatment of, 737 

Tourniquets, first aid, use of, precautions in, 943 
plaster of Pans bandages and, 696 
precautions and dangers in use of, 943 
use in operative treatment of wounds of hand, 
717 

of, following release of trapped limb, 949 
Toxromia in burns, 608 
prevention of, 610 

Trachea, wounds of, treatment of, 814 
Tracheostomy in treatment of foreign body or 
fracture of larynx, 807, 808, 811, 812 
Tracheotomy tube, substitute, for neck uounds, 
944 

Tram, casualty evacuation, details of, 916 
Trams, ambulance, 905 
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Tr»n*fodcm nnif*, 000 

Tr*iwfc«t l:iock in pcrfphrtnl afrre Injorie*. J54 
Ti*n»port 
for rwnaldc*. 

ImporttDce of mecianlcnl •oaudiicw of 911 
prtrol eoeanm^cni ot, 9\l 
of 911 

vtx^tV* nod iccommodntion In. 912 
iuiportniKo of. In brntmont of cMonltin, 010 
TmMporUtloD of ipinjd cue* podtiow for 
8^ 80:1, 800 

Trench foot clinic*] conrw of 542 
prrreotion of, Ml 
*e«iidnry InfcctloM In, 543 
tmtiDwrt of, 543 

Trendclniborg podtloo In tre*tn>cnt of bIiocL, 

050 

Triartol and liehioridc nae of aa tiin prcpai* 
tkcL.948 

Trigpinlnal nerve Injorlea iDroMng 823 
Triofax JeDy for barrs, 511 
Trlpla and — tmtn>ent of borna Olt, 
515 517 

Trxtcta • claaaiflcatlon of wooikfcd, 023 
ToUe mt, Die of in acmre bum*, 512, 610 610, 

51 

Tympanlo 

caTity brnweriuge In, tre*tBi«il of 79* 
infection of 

In Injory treatment of, “91 
treatmeot of, 792 

apread o< lofectloo froto. treatment of "92 
membaoe penetrating woondj of “94 
renlUof,“93 
treatment of, 794 

tnnmade perforitlaQ of. 85 ST 788 
Typhoid ana tetanoa, hnaanlcatlon apjmt, 
dfflultanaoaa, 980 


U 

Ulna, 

ftTririon o4 503 

forcepiratfw foUowrns ampntatkm, 759 
fraoterc of compouDO, trealmeiU of, 563 
•eqaeattectomy of, 1773 

Ubar fnrfiion, for drafoage of olnar baraai. 730 
nerve gra flt ng of, 978 

Unna a paate, mdjoatlon* fer In trealziMit of 
*OTOda of foot, 7+3 
Urea, oae of, tn infected w tmod *. 950 
Urethra Iirtrapelvio rnptuie of. In fractured 
peivia, treatment of, 9T, 974 
method of Increaalng leng th, 975 
penfle, recanatmetfcn oC^fl 
Urine, alkilntlrttlnc of. In treatment ci4 enmh 
(TndrocQe, 950 
rajAl, method of, 956 

Uveal tl«e.. wlapao of, oomplkatlrig perforat 
log woonda of the eye 847 


V 


Varix, lympiatio, 877 

>aacakr «y»tem, aaigeffy erf pterrontioo o< 
nstovanl pbcDomaa. 955 


Vaaebne ganre diwainga, 062 
aterilliatkm of, 063 
Vein aijcltef ImproTiacd, Taylor a, 932 
\eliM, applkatloo of bent to before reol- 
p(^turr 932 
Sea aadrv twma vefa 
Vedpooctare, Rnd^a aid for 932 
tedutlqno of 952 
\e«lca0t gaaea, effccta of, 816 
Vltamfoa, dafldenev of In etiology of abeHer 
foot 546 

in piemtloD of treoeh foot, 542 
Vltreon* band*, eompilcating remoral of foreign 
body tn*n eye 806 

Volkmann a coatractnn aplint nae In treatment 
of tendon tnjarica, 554 

lacbaetnlo paralyila, ilgna and treatment of 
980 

Vomltbig lo atreteber caaca. attention to 897 


W 

IVadUng plaalm, 006 
WalltTian depenevatioD, 531 
War boma, 503 
8m Dnma 

War vronoda. ^ Wounda 
Wbn^e »Wre amnutkci, “61 
Wnikm a erteoakcL trace 631 
IVItt a ateraal paoctnre needle for boaxhmarrov 
lof^kea. 934 

Wounded, aaaathotizlng cd, 463 
army proo ca a from ^Ing line to baae, 606 
eirOlan. claaalScatkia a in E.3l,S caaoaltr 
hc<ifUlQ25 
tcacaportatkm of 910 
plan for 914 

Wooada. barterioIoRT of, 948 
blank oartrid^ w 
diachargfaifc aWrrbent for 963 
oiekJoa of primary taigatkm In, 968 
frboary technique of, 958 
hmhjted, 03© 

anaeroWe, ehemotherapr of 495 
antbr^riics for 948 
tJ edi chemotherapy of 405 
rfaeoothetany of, iM 
ekairidia. onemr^therapr of 495 
atapbjrfocwcal, obenaotherapy of, 493 
atxeptoooceal, cbemotherapy of, 405 
aolpbanaiBlde*, frophyla^ ImpUntaticm 
of, 49“ 


treatment of, pectin, 95© 
nilphcgiaral^. 4M 


urea, 0 

multiple anntheala for 48“ 
open, nerv* intnre in, iadioationa far 66^ 
parachute 984 
pbaAdena of. 959 
aepw' S$* Wounda, Infected 
teptlc*mla foUcraing, eberotherapT of. 495 
Wrkt faint, 

amputatloo throont 755 
pfoathetlo oooaidmttaDa, 778 
arthritia of. infactlTe, 88© 
drainag* of 089 
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Wnst-jomt — conld 
excision of, 088 

fractures of, immobilization uith Cmmer mre, 
046 

immobilization of, 688 
infection of, 733 
plaster bandage for, 508 
surgieal anatomy of, 087 
wounds of, 687-689 

Bpeeial eonsiderations, 087 
treatment of, 688 

X 

X-ray department m E 11 S casualty hospital, 
927 

diagnosis of liver abseess, 870 
of rupture of bladder, 075 
of urethra, 974 

of ruptured Intr abscess, 873 


X-ray — cojitd 

treatment of fibrous tissue in skm grafts, 521 
of gas gangrene, 961 
of keloid following bums, 520 
of onental sore, 884 


Y 

Yatrcn, use of, in colitis complicating hepatitis, 
809 

Yaws, stages of, 880 
treatment of, 880 


Z 

Zipp treatment of wounds, 003 
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